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PEEFACE. 


Foe  fouk  yeaks  I  was  occupied  with  the  practical  study 
of  subjects  comprehended  in  the  following  chapters,  and 
during  the  whole  of  that  time  there  were  no  flucluationa 
in  the  success  attending  the  Inbours  in  which  my  siTvices 
were  involveil.  The  field  of  research  was  a  compara- 
livoly  new  one,  and  in  whatever  direction  the  methods 
of  scdence  were  applied,  results  of  no  doublfitl  mean- 
ing were  obtained.  Simultaneously  with  these  discoveries 
grraitcr  fields  for  research  came  to  view  ;  so  quickly,  in- 
dccdf  tltat  at  every  point  the  hand  failed  to  keep  time 
witli  the  mind.  It  was  therefore  a  matter  of  sincere 
regret  with  me  tliat  circumstances  (which  arc  .said  to  be 
BtTxmger  than  men)  ultimately  necessitated  the  discontinu- 
ance of  my  connec^on  with  work  which  had  given  me 
80  much  real  pleasure. 

Pleasiu-e  is  a  different  thing  to  different  men.  The 
poet.  In  contemplating  the  harmony  of  nature  which  he 
perceives  beneath  its  rugged  heterogeneity,  and  to  whom 
every  blossom  and  every  bough  shaken  with  the  wind 
conveys  a  sense  of  the  beautiful  or  the  wild,  finds  his 
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greal«sl  [)l(»asuro  in  his  own  thoughts.  So  again,  the 
artist  gazing  upon  his  Iiandiwork;  lost  in  the  woDder-j 
work  of  Iiis  skill,  the  lines  of  beauty  wrought  by  hii 
hand,  he  sees  therein  the  expression  of  his  own  fancy,  and 
his  cunning  is  pleasure  to  him.  Tlie  scientist  knows 
also  his  own  pleasure.  For  if  the  poet,  listenir^  to 
8U3^e  of  seas,  mny  live  over  again  an  age  that  is  buried, 
or  may  be  reminded  of  another  sound  which  was  om 
dear  to  his  heart,  so  surely  the  scientist  may  prolong  hiaj 
intellectual  sight  into  the  future  with  a  correspondiugj 
emotion. 

As  the  excitation  of  a  mcniory  may  hold  the  handf^ 
and  the  heart  spell-bound,  so  the  anticipation  of  a  coming 
event  may  be  a  cause  of  equal  pleasure,  and  with  tho 
scientist  such  anticipations,  composed  as  they  often  arc 
half  of  logical  inference  and  half  of  Intuitive  assumption, 
are  not  of  rare  occurrence. 

The  scientist  is  a  greater  pliilosopher  than  tlie  senti- 
mentalist, for  while  the  latter  pays  his  addresses 
heterogeneous  nature  as  u  whole,  the  former  condesoeDf 
to  details,  decomposing  and  reconstructing;  and  tlie  in- 
nate perception  of  harmony  lodged  in  the  brain  of  the 
poet,  becomes  at  the  hands  of  the  sdcutist  an  cstabllsht 
law  abiding  with  mathematical  exactitude. 

Given  a  line  of  inductive  reasoning  based  upon  ex-^ 
jwrimental  data,  and  its  proper  pursuit  must  lead  sooner 
or  later,  rarely  or  more  often,  to  discovery.     The  dis-. 
covery  may  be  of  a  substance,  of  a  law,  or  better  still,  a] 
generalisation ;  and  the  imagination,  ever  quicker  thanj 
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Lthc  linnd,  traces  out  the  iiiterworkings  and  counections  of 
Htbe  discovery,  perpetuating  its  effect  into  the  future.   But 

■  the  attemlant  pleasure  is  reasonable,  and  may  be  alluded 
I     to  wilbout  conceit. 

B       It  waa  natural,  then,  that  having  experienced  so  much 
pleasure*  I  should  be  moved  ■with  equal  regret  in  re- 
ft signing  the  practical  study  of  pbyaiological  chemistry; 
and  in  order  to  complete  a  well-remembered  but  brief 

»  connection  with  this  subject,  I  determined  to  attempt  a 
task  which  should  prove  of  service  to  scientific  men, 
namely,  to  oollec^t  and  systematise,  as  far  as  could  be,  all 
llm  tnistworthy  work  on  re<;ord  in  relation  to  Animal 

IGheiiiistry,  so  far  as  it  concerns  the  human  body. 
The  task  has  proved  heavy,  because  the  literature 
that  had  to  be  waded  through  waa  so  enormous  and  waa 
scattered  broadcast.  Moreover,  the  sifting  of  the  good 
work  from  the  bad  was  equally  exliaustive.  However, 
I  have  tried  to  do  my  work  faithfully  and  to  the  best  of 
my  ability,  and  if  I  have  wronged  any  investigator  it  has 
been  done  unconsciously. 

■  I  may  explain  that  it  has  not  been  ray  object  to  col- 
~  lale  every  fact  which  may  fairly  be  included  in  the  aub- 

Jecl  of  physiologic^  chemistry,  nor  to  detail  well-known 
methods  of  analysis,  but  rather  to  present,  in  as  natural 
an  order  as  possible,  all  those  parts  of  the  subject  which, 
■wlum properly  arranged,  present  something  like  a  system. 
In  doing  this,  the  various  mcthoils  of  research  have  been 
pwicularly  described,  and  even  researches  pubUshed  up 
to  dale  have  been  included ;  further,  I  have  endeavoured 
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to  compreliend  in  the  scheme  of  the  work,  every  known' 
subject  ha\iiig  a  direct  relation  with  the  objects  of  Animt 
Chemistry. 

The  proper  understanding  of  the  book  will  depend  tO' 
a  large  extent  upon  the  reader's  knowledge  of  chemistry ; 
but  this  is  inevitable ;  and  as  pure  chemistry  is  taught  tofl 
some  extent  in  our  medical  schools,  and  so  well  treated 
in  many   excellent   text-books,  I   have  not  thought  it     | 
necessary  to  enter  into  the  subjet.'t  except  in  an  incidental 
manner  here  and  th^re.     I  have  availed  myself  freely  of 
all  existing  treiitises  upon  the  subject  of  this  work,  ar 
Iiave  giveu  full  references. 

In  condusiou,  I  earnestly  hope  (its  I  also  believe)  that 
scientific  chemists  will  find  the  volume  useful  as  a  guide 
to  them  in  their  researches ;  and  with  this  thought  before 
me,  I  have  ^ven  a  category  of  subjects  calling  for  further 
investigation  at  their  hands ;  while  for  medical  men  my 
object  has  been  to  present  them  with  a  comprehensive 
account  of  the  most  important  subject  included  in  their 
studies  and  professiou. 
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is  the  village  of  Vorhout,  near  T^yden,  in  1C68,  was 
>m  the  man  w]ia  in  after  life  founded  t.hc  science  of 
irgauic  chemialry,  properly  so  called.  Learned  in  medt- 
ine,  chemistry,  and  botany,  he  constituted  a  type  of  men 
rho  ID  later  days  have  stood  out  from  the  crowd  of 
workers,  not  only  as  peculiarly  qualified  to  undertake 
.their  self-set  tasks  in  oi^anic  chemistry,  but  also  as  the 
most  successful  of  Tvorkers,  if  the  amount  of  succeM  be 
judged  by  the  weighL  and  importance  of  the  obtained 
results. 

As  Professor  in  the  tinivcrsity  of  Lcyden,  Hermaun 
Boerhaave  made  iia  medical  school  famous  throupliout 
the  world.  Guided  l>y  sound  ideas  of  the  nature  of  life, 
and  devoted  to  the  experimental  phases  of  science,  he 
attracted  by  his  discoveries  a  crowd  of  students  who  after- 
wards became  the  leading  men  of  their  day. 

Beyond  the  assumption  of  a  'vital  force*  and  mys- 
terious notions  regarding  '  vital  fluids '  wliich  were  sup- 
posed to  exist  in  animals  and  plants,  the  alchemists  of 
Bocrlumve's  time  were  without  a  thought  aa  to  the  nature 
and  corapwition  of  the  variuus  matters  entering  into  their 
vubstance.    It  is  true  that  the  first  observation  of  plant 
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life  was  made  by  the  wandering  phji^ician.  Van  Ilclmont 
(boru  1577),  who  nourished  a  small  tree  from  a  twig  of  i 
willow  by  means,  as  he  thougliL,  of  pure  water.     But  tlic 
experiment  was  not  understood,  and  Van  Ilelinout  said 
lliat  the  tree  was  developed  out  of  the  inatler   of  llic 
water  by  the  agency  of  vital  force.     Indectl,  it  does  not 
appear  from  the  writings  of  that  time  that  the  ronstiti^l 
ento  of  animal  substauecs  were  viewed  as  partaking  oP" 
an  ordinary  chemical  identity.     So  absorbed  were  the 
metaphyaicists  and  alchcmisls  in  problems  incapable 
solution  by  human  efforts;  in  iniagiuiugs  outside  reasonj 
and  so  carried  away  by  fanaticism,  that  to  condescend 
the  study  of  nature  by  ordinary  obsenatiou  was  a  Uiii 
of  which  they  ha<i  no  conception. 

It  must  not  be  supposed  that  all  the  labours  since 
the  days  of  Hippocrates  and  Aristotle,  or  even  of  Galen, 
the  physician,  liad  gone  for  nothing.  \'es!ilius,  Harvey, 
Mjdpighi,  Grew,  and  others  had  slowly  but  accurately 
worked  at  the  various  ot^ans  of  the  body,  and  demon^ 
straCed  many  functions  in  the  act  of  life. 

Boerhaave,   however,    was  the    first    to   apply 
principles  of  experimental  chemistry  to  the  materials 
which  these  organs  were  constituted,  and  to  those  exit 
ing  in  plants,  and  by  so  doing  lie  obtained  various 
tractives,  essential  oils,  campliiirs,  resins,  and  suits;  n< 
merely  this,  but  he  also  conducted  itivestigations  upc 
milk,  blood,  and  bile,  and  sought  to  determine  how  tht 
conveyed  nourishment  to  the  body.     His  oontomporari< 
in  pure  chemical  scicnci;  wt^ri?  also  working  industrioush 
and  out  of  the  midtiform  discoveries  of  new  element 
And  com{K)unds,   theories  and  speciHc   laws   were 
structcd  and  established.     Such  advances  gave  to  oth* 
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men  die  ctic  whereby  they  in  their  turn  increased  the 
sum  of  knowledge  of  animal  chcmistr}'. 

Boerlianve  not  only  ascertiuned  the  connKJsition  of 
»me  of  the  principles  obtaiiif-'d  from  plants,  but  he  went 
further,  and  extracted  similar  principles  from  the  soil  in 
whkb  iliey  grew,  and  then  by  beautiful  experiments  he 
flowed  that  the  ndn-watcr  dissolved  nmny  of  these  salts 
Mul  otlier  raattfi*s  from  the  soil,  and  in  this  way  enabled 
the  plants  to  snck  them  up  and  absorb  them.  Those 
partj  of  the  pknls  which  he  could  not  find  in  the  soil 
be  ctiucludud  came  from  the  air,  and,  almost  Himultanc- 
ously,  Hales  (a  celebrated  English  chemist)  gave,  by  the 
method  of  ex|K'rimcnt,  a  striking  wnfirmation  of  these 
views.  lie  determined  the  amount  of  water  ab^rbcil 
by  the  rtxits  and  that  given  off  by  the  leaves  of  plants, 
■111  found  it  was  through  the  ageucy  of  the  little  stomata 
w  mouths,  previously  describtfd  by  Grew,  that  ])laiils 
bnaithe. 

It  is  outside  the  present  purpose  to  de*icril>e  in  any 
detail  the  advances  made  at  that  time  in  pure  physiolo- 
gical science,  but  so  iritimatt-ly  relalwl  to  what  has  gone 
'bduiv,  and  so  necessary  the  whole  before  it  was  [lossible 
for  a  Licbig,  nide<l  by  the  great  imimal  chemists,  Four- 
ooy  and  Vauquelin,  to  establish  a  new  epoch  iu  animal 
i'h(!fflistrj'.  was  the  work  of  bonnet  and  Spallanzani  upon 
wiiniflls,  and  Haller  ami  Hunter's  anatomical  investiga- 
tes, that  it  is  most  neoessury  at  least  that  we  shoidd 
ihem  in  mind. 

>ut    1770,   Priestley  observed    that    if    growing 

t»  were  kept  under  a  bell  jar  oontaining  the  bad  air 

>nic  anhydride)  produced  by  burning  or  breathing, 

nir  was  thereby    revivified    and    rcndereil    fit    for 
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breatliing  again,  and  to  support  combustion.    Althoi 
Black  had  even  then  discovered  'fixed  air '  or  (uirl>oi 
anhydride,  Priestley  did  not  understand  the  results 
himself  had  obtained,  and  it  was  not  until  some  til 
nftermirds  that  the  meaning    of  the  process  of  plai 
breatliing  was  iipprwinted  and  understood. 

The  dbcovery  of  animal  electricity  by  Galvani 
1789  hjsl  nothinj^  in  importance  by  being  accidental.' 
is  'mpossible  to  pay  here  even  the  most  cursory  attentw 
to  the  toils  of  Schcclc,  Lavoisier,  and  Cavendish,  and  tl 
men  who  continued  their  work  after  them.  It 
sufBcient  for  tlie  pi-enent  purpose  to  bear  in  mind  that 
adrance  in  physiological  chemistry  depends  upon  an  evi 
increasing  acquainlamx'  with  pure  chemical  science,  ai 
that  without  those  labours  to  which  we  have  advcrt( 
and  the  investigations  of  Nicholson,  Dnvy,  Dnlton,  ai 
Gay-Lussao,  Liebig's  work  would  have  been  impossibi 
Tt  is  to  a  brief  consideration  of  this  work  that  we  HhsIi 
Since  the  days  of  Boerhaave  nothing  of  any 
importance  beyond  the  facts  we  have  mentioned  w( 
accomplished  till  the  year  1828,  when  the  celebrated 
German  chemist,  Wiihler,  constructed  urea  Bynthelieally. 
This  was  a  tremendous  vietory  for  the  cbemisis,  for  it 
^}iad  been  loudly  maintained  that,  tlie  substances  clabo- 
^Vated  in  animal  tissues  were  outside  the  constnictive 
Hpower  of  the  chemist ;  it  was  said  tliat   althougli   the 

^H     1  jJla^auw  Oal<ruii  wiu  tkiaoing  firugt  for  Dialling:  u  "ou^,  u-Lil«  us  eLe^ 

pVno  nuMfUae  was  ia  work  at   hand;    wliil»  the  flaw  of  tliirtridlj   wh 

t'onsEderabfe  u  UHJstaat  who  w»  irorking  the  tnnchino  tOTirtiod  by  acoideol 

^^tli  hU  kiiiiV  the  none  of  \pf  of  »  drnd  fiof;,  wh^ri-upon  Uie  leg  W-i^ii  to 

fitriitrgl«  And  Q'ore ;  thMV  bct«  worn  cumuiuiiintwl  to  Unlrani,  and  led  him 

^K    the  di^covi-ry  of  nminal  electricity,    (BaokJe>'B  Jliatwy  of  yiUurat 
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ciieimst  could  analyse,  he  could  not  synthesise  ;  he  could 
destroy,  but  he  ccniUl  not  cn-ate.  But  Uie  wtificial 
fomuiiion  of  urea  showed  how  foolish  are  all  precon- 
cehred  opiuions;  indeed,  it  has  been  well  said,'  *that 
hlkcy  is  the  child  of  preconceived  opinion.  Precon- 
ceived opinion  is  the  pretcndijd  assumption  by  man  of 
godly  attributes  which  he  does  not  possess.  Man  has  no 
fcreknowledge.' 

Liebig  followetl  Wohlerj  and  gave  extreme  qpnviction 
by  liirther  discoveriea  to  those  previously  eflecleil.  Bjs 
earlier  work  was  largely  connected  vrith  a  subject  to 
which  Davy  had  devoted  much  time  and  thouglil. 
fttmely,  to  the  conditions   upon   which    the  growth   of 

I  plants  depend,  and  the  relations  of  the  composition  of 
Mils  to  such  growths.  It  was  not  in  these  directions, 
^ever,  that  iicbig's  work  achieved  the  greatest  sue- 
ce».  Hilherto  there  had  existed  no  definite  methods  ot 
•iwlysis  by  whirh  the  composition  of  carbon  compounds 
ojultl  be  determined  with  anything  like  accuracy,  but  in 
1830,  Liebig  introduced  the  plan  of  heating  thcra  iti 
-  contact  with  metallic  oxides,  by  which  means  they  aie 
■  fwolved  into  simple  products  of  oxidation  which  are 
f^ily  delerminuble.  It  is  upim  tliis  advance  in  chem- 
ical manipulation  that  the  great  chemist's  fame  chiefly 
tiflpeitds.     By  the  elaboration  uf  a  general  method  suit- 

k»ble  to  most  compounds  containing  carbon  and  hydro- 
gen, he  placed  in  Uie  hands  of  investigators  an  instru- 
ment of  research  more  potent  and  more  important  than 
any  correal wndJug  discovery  in  the  history  of  chemistry, 
chemists  were  not  slow  to  take  up,  improve,  and 

'  Thudicbum.    The  Omtioo  iriven  st  tto  (Ust  Annirwjsn-  of  the  Medi- 
I  Sucietjr  of  LooduD.     Mrdical  Mirror,  vol.  i.,  No*.  7  iind  8. 
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amplily  these  methods  of  analysis,  and  the  results  which 
have  been  achieved  by  their  use  constitute  an  e^xxih 
science  without  a  j)ai'a11el.     Througli  the  agency  we  hav< 
described,   the   compnsition   of  most  known  substanc< 
has  been  determined,  and   chemists   have  been  led  t( 
the  discovery  of  hundreds,  ay  thousands  of  new  com^ 
pt)unds,  many  of  which  have  been  built  up  syntlieticall] 
from   their  eleineiiU;   many,  even  of  those  substam 
hitherto  supposed  to  be  inseparable  from  that  mysterioiu 
and  human-effbil-pandysing  vitjil  farce.     'So  great  wt 
the  impulse  commimicatcd  by  this  perfection  of  method,^ 
that  from  darkness  a  has  led  to  darkness  again  ;  for,  iaj 
teaching  us  the  composition  of  bodies,  it  has  brought  ub 
to  isomerism.    When  a  new  method  of  investigation  shal 
impart  a  new  impulse,  we  shall  ngtiin  emerge  into  light.' 

Chemical  investigation  can  afTurd  to  pause  so  far 
its  development  is  connected  with  the  sistt^r  science  ol 
physiology,  whidi  it  luxs  left,  far  Iwhiud  in  the  race  ol 
advancement.  In  the  earlier  days  of  Liebig,  pbysiok 
scarcely  merited  its  name,  for  up  to  tJiat  time  physioh 
gists  hud  concerned  themselves  ouly  with  the  study  ol 
anatomy  "nd  life  finuitions,  so  far  as  this  was  possibla] 
withuut  the  aid  of  chemistry.  It  was  a  science 
obsenation  and  deductive  reasoning,  while  nietaphysici 
speculations  entered  largely  into  its  narrow  sphere. 

In  his  attempt  to  apply  the  processes  of  rca.sonii 
flowing  out  of  chemical  discoveries  to  the  phenomena 
life,  Liebig  exiHrienced  on  all  sides  the  resistance  of  that' 
parent  to  fallacy,  preconceive<l  opinion,  and,  abandoning 
the  opinions  of  his  contemporaries,  he  devoted  his  t( 

'  rifflioligy,  and  itt  Chnnutty  at  Some  and  Abroad,  \ij  0.  T.  Klngut 
aod  H,  W.  HAk«, '  QuKTierl^  JounuO  at  Science,'  Juiuvy  Itj77. 
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ings  to  a  younger  generation  poasesaed  of  a  more  plastic 
mind.  He  saw  how  futile  it  wns  to  struggle  with  a  mce 
of  men  of  wliom  he  was  in  apparent  find  such  stiiking 
advance,  and  as  for  their  mctapli_vf*ical  views,  he  argued 
that  such  must  render  men  powerkss  iu  lime  to  perceive 
the  relations  of  cause  and  effect.  He  devoted  himself 
with  much  earuestuess  of  j)urpose  to  expose  the  unscic'ii- 
tific  methods  of  reasoning  aud  re9ea,rch  so  prevalent  at 
that  time  among  physiologists,  and  ever  advocated  the 
principles  of  tJiat  inductive  logic  ao  ably  interpreted  by  a 
man  Liebig  professedly  adniiretl,  John  Stuart  Will.  Thus 
he  gathered  around  him,  iu  spite  of  all  opposition — for 
truth  was  ever  stronger  than  prejudice — a  group  of  men 
who,  by  adopting  aud  <lis8emioating  his  tciichings,  gave 
rise  by  their  lalKjurs  to  a-new  epoch  in  animal  chemistry. 
It  would  be  of  the  deepest  interest  to  follow  up  the 
work  thus  originated ;  to  watch  the  ever-growiug  wave  of 
knowleilgc  in  its  rcsi&tless  advance;  to  study  those  tines 
of  thought  and  investigation  whose  pursuit  has  led  by 
rapid  aithougli  imperfect  advances  to  the  idea  of  the 
beginnings  of  life  and  the  germ  theory  of  disease.  It  is 
true  that  men  have  here  and  there  lost  sight  of  those 
principles  underlying  all  sound  research,  and  have  oftener 
plunged  wildly  into  the  mazes  of  uucerebrated  research, 
the  results  of  which,  by  their  intcrconfliction,  have 
hindered  rather  than  helped  scientitic  advance.  Hut 
this  ifl  a  phase  of  moderu  times  that  we  have  no  in- 
tention of  dwclhng  upon  here ;  unfortunately,  there 
will  be  only  too  much  opportunity  aud  necessity  for 
its  revelalion  in  fiiturc  chapters.  Here  let  us  consider 
Liebig's  philosophy  somewhat  more  iu  detail.  He  as- 
sunu-d  the  existence  of  a  vital  force,  or  whatever  we 
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choose  to  call  it — say,  an  agency — powerful  to  develop^] 
from  the  seed  the  plant,  and  from  an  egg  the  bird;  bufi| 
at  the  same  time  he  acknowledged  above  all  men,  am 
losiEted  u]»on  t\w.  truth  of  his  admittiince,  that  the  actual] 
processes  ol'  life,  witli  all  their  coinpiit-'alioiie  of  function, 
were  based  upon  the  same  laws  which  operate  bctwec^nj 
matter  and  force  iu  the  chemiHts'  laboratory. 

The  history  of  all  science  showa  that  it  developets 
first,  by  tlie  nccumuliiticm  of  isohited  facts  ;  secondly,  by 
the  discovery  of  determining  influences,  and  of  certaia' 
relations  between  those  facts ;  lliirdly,  by  the  dwluctiou 
of  gencml  laws  from  larger  series  of  observations  than 
those  upon  which  sjwciat  laws  depend.     Finally,  it  be-l 
comes   possible   froni   given    conditions   to   predict   the] 
next  states  of  certain  forms  of  matter.     To  these  rulea* 
physiological  scnencie  makes  no  cxce]>tion.     'J'lic  pheno- 
mena of  life  stand  like  tiiose  of  dead  or  inorganic  matter 
in  certain  co-relations  whicli  are  determined  by  speciftc 
causes;  and  it  is  only  iu  the  light  of  a  knowledge  of] 
these  causes  and  their  nature,  that  the  processes  of  lifej 
can  be  ascertained.     Such  a  search  constitutes  the  most- 
important  problem  in  physiology,  for  by  it  is  to  be  dis^ 
coveretl  (ho  mutual  dependence  of  the  vital  pheuomenaJ 
It  is  true  that  anatomy  here  is  of  gi-eat  avuil,  but,  un-j 
uded  by  chemistry,  its  discoveries  have  com  para  tivelyj 
little  meaning  ;  not  only  is  the  anatomical  method  in- 
suflicient  of  itself,  but  it  is  subordinate  to  tlic  chemical! 
method.     Such  were  the  opinions  of  Liebig. 

There  are  those  who  hold  the  opinion  that  in  life' 
there  is  something  which  renders  negative  all  our  con- 
clusions drawn  from  laboratory  experiments,  and  nullifies 
all  our  hypotheses  of  functions,  but  they  are  men  who] 
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foil  to  grasp  thoroughly  the  conditions  upon  whidi  life 
depends.  The  vital  force,  compound  by  nature  as  it  is, 
partakes  in  its  component  parts  of  the  same  character  as 
the  chemical  force,  inasmuch  as  it  only  acts  when  the 
particles  are  more  or  less  at  iufiuitively  short  distances 
from  each  other.  Life  itself  is  the  expression  of  the 
metamor])hosi*s  of  the  animal  tisauea ;  in  other  words, 
nuiD  lives  by  virtue  of  certain  changes  of  matter  in- 
oeaaantly  going  on  in  his  body,  and  what  is  chemistrj' 
but  the  study  of  tlie  laws  of  changes  of  matter?  Surely, 
it  has  no  further  meaning. 

The  dogmatism  of  churches  and  ages,  the  unreason- 
ing and  prejudice  always  associated  with  ignorance  and 
untrainet]  and  unscientific  minds,  have  done  their  worst 
and  they  have  done  their  best,  but  what  explanation  of 
Kfe,  health,  and  disease  have  they  given  ?  None !  They 
have  told  us  tliat  nervous  force  emanated  from  a  nervous 
system,  and  that  cooling  substances  are  astringents  ;  they 
have  invoked  superstitions  and  conjured  np  groundless 
faith  in  an  agemy  whosu  function  they  could  not  define, 
and  of  which  they  thought  it  was  blasphemous  and 
wicked  to  enquire.  This  dogmatism,  this  circumscrip- 
tioQ  of  language,  received  from  Kant  in  his  earlier 
writings  long  ago,  what  in  more  recent  days  it  has 
received  and  merited  at  the  hands  of  John  Stuart  Mill. 
And,  although  churches  still  boast  their  superstitions 
uuder  a  cloak  of  religious  faith,  and  although  men's 
minds  are  still  tainted  with  that  bias  against  improve- 
ment so  common  to  the  savage,  ihc  further  pursuit  of 
science  will  overpower  and  destroy  it  all  in  due  time. 
We  may  not  hve  to  see  it,  but  it  is  as  inevitable  as  the 
diily  setting  of  tlie  sun. 
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But  to  return  to  our  more  iinmctliatc  theme.  The 
g'ect  of  physiological  chemistTy,  tlien,  becomes  the  re- 
duction to  genenil  lawp  of  those  phenomena  which,  in 
their  multifarious  co-relations,  constitute  the  functions  of 
life.  To  prosecute  this  study  with  hope  of  success,  it  is 
essential  that  we  should  fii*st  become  acquniutod  with  the 
oompoaition  anj  constitution  of  those  substances  which 
are  elaborated  in  the  various  tissues,  organs,  and  iiuids  of 
the  Uviug  Iwdy,  and  of  which  these  are  themselves  consti- 
tuted. It  is  only  by  means  of  such  knowledge  that  we 
can  be  enabled  to  trace  out  the  intricate  concatenations 
of  the  various  parts  of  the  animal  body,  and  of  those 
metamorphoses  which  are  constantly  in  process  in  the 
livhig  laboratory.  Such  studies  are  as  necessary  to  phy- 
ciology  as  it  is  to  aacert-aia  the  composition  of  hydro- 
chloric acid  and  chalk,  before  we  can  explain  any  action 
they  may  have  one  upon  the  other. 

From  what  has  gone  before,  it  will  b^  apparent  that 
the  method  to  be  pursued  in  the  study  cif  pathology 
is  identically  of  the  same  order  as  that  requisite  for  use 
in  physiology,  and  the  results  of  these  parallel  investi- 
gations appear  as  the  expressions  of  health  and  disease. 
Mr.  John  Simon  has  well  expressed'  this  truth  by 
describing  pathological  rcsull-s  as  the  'morbid  declen- 
sioDs'  horn  the  ^normal  chemical  standards*  of  physi- 
ology. 

While  the  method  to  be  pursued  in  such  studies  is 
plaiuly  visible,  and  when  the  results  lo  be  attained  are  80 
all-important  to  the  pros|)erity  and  health  of  man,  it  i« 
Burely  matter  for  deep  i-egret  that  there  are  but  very  few 

'  Jtejtorti  <>/  tin  Mrdienl  Offtcer  </  llit  JWtty  CouncH,  flw.     X«w  Seri«>, 
Ho.  3,  p.  ci. 
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men  availing  themselves  of  lu  Not  only  is  this  true  of 
England ;  it  is  true  in  a  diflerent  measure  of  Gerraaay, 
France,  and  other  nations.  The  reason  for  this  is  not  far 
removed.  It  is  true  that  in  the  science  of  physiological 
f:iiemistTy  there  are  pending  miittei-n  for  reaearcli  which 
tnight  fairly  be  undertaken  by  men  of  ordinary  attain- 
mentd  at  very  little  expense;  but  ihtTc  are  many  ques- 
tions (and  these  are  the  most  important  of  all)  to  be 
sulved,  which  are  much  further  removed  from  ihe  abilities 
of  the  untrained  tulnd,  and  which  demand  for  their  eluci- 
datioa  means  and  time  at  the  ooramand  of  but  few 
private  individuals.  This  is  notorious  and  aoknowltidged. 
I  cymtend,  however,  that  evi;ii  weru*  tliere  men  who  have 
the  time  and  the  means  whereby  to  gra])p]e  with  these 
problems  in  sdence,  there  is  not,  at  least  in  our  country, 
any  system  of  training  by  which  such  men  find  it  easy  to 
qualify  themselves  for  such  studies  and  resear<*hp-s.  The 
resiUt  is,  that  the  work  is  to  a  lai^e  extent  neglected,  or, 
when  undertaken,  from  the  reasons  stated,  the  results  at- 
tained are  often  lamentably  worthless  or  deficient.  The 
truth  of  this  statement  is  not  to  be  gainsaid ;  it  is  a  matter 
of  everyday  exi»erienc>e,  and  to  those  who  are  conversant 
with  recent  scientific  literature,  these  remarks  will  furnish 
no  maUcr  for  surprise.  It  were  easy  to  substantiate  fhcse 
statements,  but  it  is  unnecessary,  it  having  been  already 
done.^ 

On  the  successful  jmrsuit  of  the  study  of  animal 
chemistry,  all  medicine  rests.  Diseased  livers,  brains, 
hearts,  and  lungs;  organic  and  chronic  diseases  ;  cholera, 
typhus,  and  typhoid  fevers ;  all  these  and  hosts  of  other 

•  5te*  Eawiy  la  Quartrrly  Jtmmal  of  Scimct,  Uy  C.  T.  Kiu^rwU  and  IL 
W.  Uftke.    JantuTT  l!i>77. 


diseases  and  disorders^  no  nmltcr  what  their  causes  or 
their  origin,  have  something  in  common.  All  diseased 
oi^na  and  all  morbid  processes  speak  of  chemical 
changes  aiid  processes  different  from  those  actuating  and 
controlling  tlie  or^ns,  tissues,  and  fluids  in  health,  and 
of  necessity,  therefore,  curative  and  preventive  medicine 
musl  in  the  main  have  its  basis  in  a  knowledge  of 
histo -chemistry.  At  present,  medicine  is  rather  an  accu- 
mulation of  experiences  than  a  natural  science,  whereas 
it  ought  to  occupy  the  leading  place  in  science,  in  fact 
shiue  out  a^  that  ultimate  focus  iu  science  upon  which 
and  towards  which  all  other  science  sheds  lis  rays  of 
light,  and  to  which  human  efforts  should  be  above  all 
things  directed. 

Many  are  the  medical  men  who  say,  and  say  with 
conhiderable  show  of  reason,  all  this  is  very  true,  but  if 
we  stay  in  life  to  study  animal  chemistry  and  the 
chemicid  changes  underl3'ing  pathological  processes,  our 
patients  will  die  in  the  meantime.  It  is  true  we  are 
terribly  overmatched  by  disease,  but  still  we  can  do 
something  to  stay  its  progress,  and  to  that  something  we 
must  devote  ourselves.  Who  then  is  to  prosecute  the 
science,  if  the  medical  men  will  not  or  camiot?  The 
chemists?  Unfortunately,  physiological  chemistry  ts  not 
taught  as  an  ordinary  part  of  the  science,  and  chemists 
who  ordinarily  devote  themselves  to  research,  find  such 
labours  too  tedious  or  too  unprofitable  in  results,  and  so 
the  work  is  left  undone  for  the  most  part,  and  iu  the 
meantime  disease  ravages  maukind,  and  demonstrates  in  a 
terrible  manner  how  ftitilc  are  our  strongest  efforts  to 
kstay  its  progress.  Still  something  might  be  done  if  the 
system  of  teaching  at  medical  achoob  were  improved. 
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Animal  chemistry  finds  no  advocates  at  our  Uiiiveraities 
and  public  schools,  and  is  not  embraced  in  their  curri- 
culum ;  it  ia  professedly  tmighl,  however,  at  our  medical 
schools;  but  if  one  Uikes  tlie  trouble  to  etiijuire  into  this 
teaching,  one  is  rudely  shaken  in  their  beliefs.  What  is 
really  taught  i»  not  animal  chemistry,  but  a  certain  num- 
ber of  facts.  The  students  are  made  acquainted  in  an 
empirical  manner  with  the  ordinaiy  methods  of  separation 
employed  in  the  qualitative  analysis  of  substances,  which, 
for  the  most  part,  do  not  occur,  and  have  little  to  do 
witli  the  animal  body  ;  they  are  taught  certain  tests  for 
pcosons  of  various  kinds,  and  are  put  ihrougli,  it  may  be, 
a  few  exercises  in  quantitative  analysis  of  inorganic  sub- 
stances. Their  learning  is  crowneil  by  cramming  a  fur- 
ther number  of  facts  regarding  the  blood,  the  urine,  and 
bile,  and  imbued  mth  this  knowledge  they  enter  on  their 
medical  career.  This  is  not  the  way  to  teach  animal 
chemistry,  and  the  teachers  ore  to  a  large  extent  incom- 
petent to  fulfil  this  task.  To  appreciate  and  to  pursue 
this  stud^',  a  previous  knowledge  of  ordinary  chemistry, 
and  a  wide  one  too,  is  requisite  ;  moreover,  a  more  than 
BUperficifll  acquaintance  with  physics  ia  required,  and,  for 
most  purposes,  an  understanding  of  human  physiology. 
Then,  again,  facta  do  not  coustitute  a  science  ;  science  is 
OODstiluted  of  principies ;  and  from  oiir  teaching,  and  our 
text  books,  and  our  teachers,  from  none  of  these  do 
medical  students  of  to-day  leani  these  principles.  Of  the 
teaching  and  the  teachers  we  have  already  spoken;  as 
for  most  of  the  text  books  in  uae,  not  only  in  this 
cotlDtry,  but  abroad  also,  they  are  the  merest  compilation. 
of  facts — facta  picked  up  here  and  there  and  arranged 
together  in  cliaptera  '  specially  designed  for  the  medical 
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stucleat.'    Alas  t  for  the  medical  student ;  he  finds  no    , 
philosophy  in  them,  but  only  a  certaiu  number  of  stjite<^| 
menta  witli  which  he  must  make  himaelf  familiar  without 
understauding  them  ;  a  certaiu  array  of  facia  which  h( 
must  learn  aa  ho  learnt  dates  of  historical  events  wheu 
boy  a  I;  school ;  fact*!  without  a  binding  hnk  ;  aUitcmcnl 
possessing  no  exhibition  of  relation;  the  whole  devoid 
connecting  principled  and  a  scientific  philosophy.     la  tb< 
face  of  what  has  been  shown,  is  a  man   liaving  sucl 
knowledge  as  he  may  acquire  at  our  medical  schools 
well  fitted  to  understand   the  processes  of  health  ant 
disease  P  has  he  any  {xiwer  to  add  to  our  knowledge 
these  things  ? 

Moreover,  the  books  of  the  day  have  another  grav( 
fault ;  they  are  not  only  imperfect  so  far  as  they  go,  bu( 
they  do  not  go  far  enough.  Recent  and  the  most  im- 
portant .scientific  researches  find  too  o(Um  nu  mention,  oi 
•when  they  do,  the  accounts  are,  not  rarely,  worse  thai 
useless;  they  mislead  from  their  inaccuracy;  they  iujursj 
men  by  the  prejudice  they  exhibit. 

It  is  quite  true  that  one  half  of  the  world  docs  not 
know  how  the  other  half  lives.     There  are  people  wh< 
talk  of  the  republic  of  science  as  othei-s  once  talked  oi 
the  republic  of  letters.    Alaa  I  for  the  republic  of  science.! 
In  an,  iu  literature,  in  law,  in  medicine,  in  fact,  probably] 
nowhere  at  the  present  time  is  there  so  much  bickering] 
jealousy,  and  conceit  as  in  the  infant  republic  of  science.^ 
Not  only  is  this  true  of  private  life  ;  there  slander,  machi- 
nations, and  prejudice  are  exerted  to  the  full.     This  is 
bad  enough,  but  it  is  loo  bad  to  cjirry  this  sort  of  th 
into  public  life  and  scientific  literaturCf  and  yet  it  is  dc 
and  on  a  glaring  scale  too.    The  consequence  is  that 
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literature  loses  in  value  ;  the  teaching  of  the  day  is  frus- 
trated by  external  politics ;  the  whole  system  of  science 
receives  a  serious  check. 

Boast  is  made  of  the  rapid  progress  of  science.  Bah ! 
it  is  untrue.  Science  never  did,  does  not,  and  never  can 
make  rapid  strides.  Eelatively,  progress  may  be  rapid, 
but  it  is  only  relative  to  times  when  progress  was  much 
slower.  But  if  men  would  only  throw  aside,  at  least  in 
certain  walks  of  life,  jealousy,  prejudice,  and  partiality, 
and  unite  in  a  true  and  honourable  republic  of  science, 
how  much  better  would  it  be  for  science.  There  was 
never  a  finer  example  set  by  man  than  that  taught  to  the 
disciples  of  ^chemy,  *  Ora !  Lege,  Lege,  Lege,  Relege, 
Labora  et  Invenies.'  * 

•  See  Mr.  RodwellB  Birth  of  OumiUry. 
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CHAPTER  n. 


LIFE;    FROM   A  tllEUTCAL   POIST   OF   VIEW. 


For  the  purixwes  of  the  present  work  it  is  not  requisite 
lo  enter  at  all  deeply  into  the  anatomy  of  the  human 
botiy.  In  order  to  show  the  processes  according  to 
which  man  *  lives,  moves,  and  has  his  being,'  it  is  but 
necessary  to  regard  him  as  a  coosdoiis  machine  or  an 
HUtoinalic  lustrumenL  Nor  is  it  necessary  to  have  regard ' 
to  man's  place  in  nature  beyond  its  enunciation.  Pos- 
sessed of  conscience,  will,  and  power,  he  finds  hnnsHf  as 
tlie  creature  of  a  generation  «)ni|K).sod  of  beings  like 
him.'wlf,  exhibiting  certain  relations  amonp  each  otlier. 
Of  tlie  indiviiluidities  or  character  we  shall  have  a  little , 
more  to  say  later  on ;  it  will  suffice  here  to  recognise 
llic  individuality  of  man.  Tliis  individuahty,  controlliug 
tliu  whole  life-actions,  is  unfortunately  almost  universally 
iirnored,  or  wliere  it  is  not  ignored,  it  is  not  rarely  mis- 
luterprctctl.  The  doctrines  of  evolution  aud  survival  of] 
tho  fittest,  and  all  those  tliousand  minor  laws  which  iu^ 
vlow  of  the  teacliings  of  men  like  Darwin,  Spencer, 
Wultacu.  and  ollicrs.  we  hold  to  be  true  of  lower  fomu 
of  iiniinid  life,  are  true  also  of  man.  He  is  the  resultant 
of  n  tlKHiJiiiud  conflicting  predestiuations  and  emotions ; 
th(i  ftK'UJi  of  predispositions  and  circumslanocs  tliat  have 
l»*'*jn  iti  riclion  for  ages.  Where  then  lies  the  difference 
of  indlvlditnlititM?    Partly  m  the  brain  pon-er;  partly  m 
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"the  individual  organs  of  the  body ;  partly  in  tlie  general 
relntiouti  tliese  bear  (o  one  another,  imd  the  whole  of 
tbem  to  the  brain  power.  For,  in  a  general  sense,  all 
men  are  constituted  alike ;  tlie  philosopher  Aristotle, 
Homer  the  poet.  Mill  the  logician.  Napoleon,  of  iron 
■will ;  all  these,  and  all  men,  are  in  their  jiliysioliigical 
form  ahke.  The  characters  and  imlividuiil  powers  of 
these  men  are  to  be  traced  not  so  much  to  any  individual 

I  dilTcrenre  of  form  of  the  viirious  organs  of  the  body,  but 
rather  to  qualities  posaessed  by  some  or  all  of  those 
organs ;  quahties  which  have  a  quantitative  expression, 
but  %rboi^  meaning  is  hidden  deeply  in  the  tissue  of 
which  the  organs  thenisclvos  are  coTni>osed 

To  return,  however,  to  our  consideration  of  man  as 
a  conscious  machine  having  complicated  functions,  that 
is  to  say,  a  machine  powerful  to  do  muscular  and  mental 
work  by  virtue  of  a  foixxj  generated  in  situ,  and  guided 
by  will.  It  is  a  feet  of  the  deepest  meaning  that  the 
foo<l  which  we  cat  takes  part  in  that  with  which  we 
think,  and  the  body  having  once  attained  a  full  develop- 
ment  of  form  and  size,  food  hencefortli  represents  one 
side  of  the  equation  of  life ;  on  the  other  side  is  repre- 
sented the  history  of  our  life. 

Ii  is  not  intended  to  study  those  processes  of  develop- 
ment and  growth  antecedent  to  maturity ;  it  is  sufUcient 
to  bear  in  mind  that  there  is  a  beginning,  an  embryo 

I  pbwe,  and  inicnne<liate  stages  of  life.  But  from  the 
bt^nning  there  is  an  inherent  power  in  the  life  substance, 
call  it  protoplasm,  bioplasm,  or  what  we  may,  which 
determines  the  evolution  out  of  its  own  elements,  of 
t»u»  and  organs,  and  which  constantly  regenerates 
itself,  »  to  speak,  from  the  food  presented  to  it. 
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Hence  we  mny  fairly  sny  that  the  Iiitmnn  body  is  a 
mere  apparatus  by  the  agency  of  whicli  man  lives  iu 
another  seuse,  viz.  the  iiH;ntA]  or  intc'llectual  sense.  The 
study  of  tlic  construction  of  thjit  api)aratus  constitutes  the 
Bcieuce  of  physiology  ;  the  lifu  which  is  maintaiued  in  aud 
by  the  human  body  is  the  result  of  chemical  changes  inces- 
santly cxxiurring  in  the  inatttT  of  whicli  the  tissues  and 
organs  and  fluids  of  the  body  are  constituted.  The  same 
hfe  depends  for  its  cuntirnuitlon  upon  the  food  which  is 
taken  into  the  body,  ami  from  which  there  arc  elaljoratcd 
new  fluids,  iind  new  lissiie  to  rephu-e  that  previously  lost 
by  the  act  of  life.  When  the  processes  we  have  alluded 
to,  follow  ail  inherent  determinated  direction,  tliey  may  be 
conveniently  summed  up  under  the  title  of  pliyaiotogicat 
chemistry ;  but  when  declensions  arise  the  processes  are 
morbid,  and  the  re.sult  is  discjise :  tlii.<  study  constitutes 
the  science  of  jwitliologirul  chemistry.  Ti)gellier,  these 
two  subjects  are  included  in  the  expression  *  animal 
chemistry.' 

Let  it  not  be  thought,  however,  that  there  is  hi  this 
description  any  desire  to  hide  away  that  whicli  we  cannot 
explain.  In  life,  anatomy  has  its  share  and  chemistry 
and  ])hysitai  have  also  their  parts.  All  these  subjects, 
however,  cannot  be  considered  together,  and  this  state- 
ment is  hero  made  in  order  to  avoid  the  stigma  which 
Henle  attached  by  his  criticism  to  I^iebig's  work  on. 
'Animal  Chemistry."  Heide  wrote;  'With  consummate 
skill  he  (Licbig)  draws  a  few  crystalhnc  threads  out  of  the 
tissue  of  life,  and  holds  them  up  to  admiration  as  the 
share  of  chemism ;  he  then  throws  us  the  lump  which  he 
cannot  unravel  as  the  share  of  vitalism.' 

Now  according  to  the  above  showing,  a  raan  requires- 
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take  daily  a  given  amount  of  ff)o3  properly  prepared 
by  cooking  and  otherwise.  This  ia  coinmimitcd  in  the 
mouth  and  is  there  mixed  with  snHva;  as  it  arrives  in  tho 
stomach  it  ia  further  inixwl  with  various  fluids  and  aecre- 
ti(Ml3,  incUiding  gastric  juice,  bile,  pancreatic  juicei  and 
won,  and  here  digestiou  partly  otu-urs;  it  is  completed 
in  the  smaller  intestine,  and  the  undigested  and  valueless 
part  of  ihe  food  ia  excreted  as  fasces.  Tlie  chyme  and 
chyle  tlius  formed  are  conveyed  by  proper  vessels  to  the 
blood  system,  and  by  means  of  the  heart's  action  are  dis- 
Inbntied  throughout  the  body.  As  the  blood  circulates 
through  the  system,  the  various  organs  aisiuiilale  from  it 
the  DUtrimcQt  they  require  to  reconstruct  themselves  and 
keep  in  working  order ;  at  the  same  time  they  yield  to  the 
blood  the  soluble  cflbtc  products  of  life  ;  producte  result- 
ing from  decomposition  and  change,  upon  the  carrying  out 
of  which  their  very  functions  depend.  lu  tliis  way  the 
blood  passes  on  to  the  kidneys,  through  which  it  filters 
as  it  were,  and  allows  the  worthlcw  part  of  it — that  con- 
dfltiog  of  the  excrementiiioLis  pnxlucts — to  be  removed  as 
urine.  Simultaneously  with  these  processes  occurs  that 
of  respiration,  an  net  which  depends  upon  the  inspiration 
of  air  and  its  passage  through  the  lung  tissue  into  the 
blood.  This  oxidising  tflect  is  carried  out  by  the  blood 
in  all  parts  of  the  body,  and  iu  return  that  fluid  takes  up 
carbonic  acid — a  pr<Mluct  of  oxidation — which  is  after- 
wards duly  eliminated  through  the  lung  tissue  also,  viz. 
al  the  moment  when  tlie  blooil  arrives  there  for  a  fresh 
supply  of  oxygen.  It  would  also  appear  that  man 
undergoes  a  cutaneous  respiration,  altliough  in  a  smaller 
degree,  much  water  and  certain  other  matters  being 
eliminated   through    the  skin.      Each  and  all  of  these 
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processes  will  be  fully  considered  hereafter,  and  this  res] 
sumtS  is  given  merely  to  deinonstrftte,  at  tlie  outset,  howj 
grcnt  a  share  chemistry  takes  in  life.  It  concerns  itself 
with  thc!  nature  atul  consposition  <tf  the  food  ttikan ;  with 
salivary,  stomachic,  naul  intestinal  dij^estion;  not  merely 
80  far  sa  these  processes  themselves  are  concerned,  but 
also  with  the  comiwsitioii  of  tlio  various  animal  juices  tjiking^ 
part  hi  them,  as  well  as  with  the  verj--  composition  of  the 
organs  which  secrete  the  said  juices.  Then  again,  chyme» 
cliyle,  lymph,  blood,  liave  each  their  chemistry  and  inter- 
relations, and,  what  is  more  im[K)rtant,  the  act  of  respira-, 
tion  is  essentially  a  chemical  one.  This  then  has  to  be 
studied,  as  also  the  methods  by  which  the  organs  an< 
tissues  of  tlie  body  oxidise  and  repair  themselves.  That 
tliesu  oi^ans,  sticli  as  the  briuu  and  lungs,  have  a  cliemistry, 
is  a  matter  which  has  only  of  late  years  received  the  atten- 
tion the  subject  merits,  for,  as  previously  slated,  there 
were  in  jxiat  times  not  wanted  men  who  denied,  or  at 
least  did  not  recognise,  the  fact  of  their  chemical  compo- 
sition. Finally,  there  is  the  chemistry  of  bone  atid  muscle, 
and  of  the  various  excrement itious  matlors,  such  as  sweat, 
uriue,  fiL'ces,  and  breath. 

Regarding  the  various  aubja^tsjust  enumerated,  ot 
chemical  knowledge  is  both  small  and  great ;  that  is  tc 
say,  it  is  great  in  itself,  but  dues  not  nearly  represent  the] 
whole  possible  knowledge.     The  chemistry  of  digestioi 
particularly  is  but  little  understood,  whereas  tliere  cat 
be  no  doubt  that  an  increased  knowledge  of  the  com- 
position and  properties  of  those  specific  fenaents  wliicl 
lake  part  in  it,  would  lead  to  an  immense  gain,  not  onlyl 
for  human  physiology,  but  also  in  our  appreciation  of 
the  meaning  of  fermentation  us  a  general  plicnomcuou.] 
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With  thfi  subject  of  ferments  is  intimately  connected  one 
which  of  late  years  has  attraoted  Ji  iniKlomiiiating  araoiuit 
of  attention,  namely,  the  germ  theory  of  disease  and  in- 
fective processes ;  and,  once  arrived  at  this  stsge,  we  vei^e 
upon  the  beginnings  of  life.     It  amnot  be  doubted  that 
for  the  future  progress  of  our  kriowh'dge  of  th(!sci  questions 
we  must  look  more  to  chemical  science  than  haa  been 
done  iu  the  past.     It  is  too  true  tliat  our  slight  kiiow- 
Iwlge  of   liic   composition  and  inter-relation   of  bodies 
occurring  in  tlie  human  system,  and  of  the  processes  by 
wiiich  they  are  built  up  from  food  and  transformed  into 
ultimate  products  after  fidfiUiug  the  vital  functions,  only 
shows  how  much  yet  remains  to  hv.  lciimt>.     It  is  soon 
perceived  that  we  stand  but  on  the  threshold  of  know- 
ledge, and  many  must  be  the  thinkers  and  workers,  and 
generations  upon  generations  will  ]>asa  away,  before  the 
processes  of  life   shall   stand    forth    entirely   revealed  j 
before  it  shall  be  known  how,  from  a  few  simple  matters 
tolerably   well   known   themselves  and   administered  as 
food,  is  built  up  man  with  his  marvellous  and  beautiful 
stnicturc,  with  his  power  of  thought,  feeling,  and  action. 
Tliat  such   a   time  will   come  scientific   men  have   no 
doubt ;  we  shall  know  more  to-morrow  of  the  sun  that 
shines  to-day ! 

There  is  darkness  around  the  viud  phenomena,  but 
that  darkness  exists  only  because  science  lias  not  yet 
ntttcked  nature  and  illuminated  it  sufficiently  by  its  dis- 
cover!^ wailing  to  be  cflected  in  these  directions. 

There  will  always  exist  men  who  will  doubt  the 
poeiihilittcs  of  3cieiH!e ;  who  will  call  in  question  malters 
which  have  been  established  as  truth  for  all  time,  just  as 
men,  c\'eu  to  Bacon,  rejected  the  doctrines  of  Galileo, 
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and  as  Leibnitz  spumed  the  {diiloec^y  of  Newton  on 
gravitation.  But,  in  s|Hte  of  all,  the  sun  of  sdence  will 
dispel  the  nioming  cloud  of  ^oiance  and  prejudice,  and 
will  unfold  to  us  the  laws  of  nature  unbiassed  by  the 
poetry  of  man's  mind  and  free  fitmn  the  superstitions  of 
churches. 
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CHAP'rER  m. 


CHtillSTRY  AS  APPLIED  TO  PUYSIOLOuy  AND   PATUOLOGV. 


» 


Altiiocoh  this  work  prc-supposca  a  certain  knowk'Jge  of 
chemistry  on  the  part  of  its  readers  or  students,  it  may 
yet  be  desirable  to  make  a  few  observ-ations  regaixliiig 
theclussitirjitiun  of  carbon  compounds,  inasmuch  as  the 
greater  part  of  the  human  body  ia  made  up  of  su<"li  sub- 
stances.    In  doing  this,  it  is  not  proposed  to  consider  the 
KWning  upon  which  the  various  systems  of  classitica- 
tionare  based,  nor  to  comment  upon  the  relative  values 
rf  tJieni,  but  rather  to  supply  an   explanation,   brief 
tliough  it  be,  of  terms  and  names  which  will  be  fouud  in 
we  ihronghout  this  work.     Moreover,  while  a  system  of 
cI»»ification  is  all-important  in  certain  branches  of  pure 
"cicDce,  it  serves  a  far  minor  although  important  service 
in  a  acience  like  that  of  which  we  are  treating,  and  for 
tilis  reason ;  that  the  function  of  ph^'siologlcal  chemistry 
be  said  to  consist  in  the  elucidation  of  those  pro- 
by  which  life  with  all  its  many  side-issues  and 
deetenaious  is  maintained.     In  this  study,  chemistry  ia 
competent  to  teach  us  how  from  certain  substances  given 
ns  food,  the  constituents  of  the  body  arc  produced ;  and 
^in,  how  these  products  suffer  subsequent  change,  and 
give  rise  to  other  and  excretory  substances.     In  other 
words,  the  physiological  chemist,  having  regard  to  his 
jiUimatc  objects,  seeks  to  determine  the  relations  existing 
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betweor  different  substoncea  8ii])plietl  to,  found  in, 
excreted  by  the  body.  It  is  upon  a  knuwledge  of  si 
relations  that  he  is  enabled  to  understand  the  processes  of 
life ;  that,  lu  fact,  he  is  able  to  hope  for  the  attainment  of 
his  object.  In  such  a  search  It  Is  not  reqiiisito,  at  least  in 
the  present  sUite  of  the  science,  to  consider  the  chemical 
coustitutioa  of  bodies  in  greater  degree  than  that  which 
is  reijuisite  to  sliow  liow  tliis  substauce  is  produced  from 
that  substance,  or  this  other  compound  may  give  rise  to 
ithat  other  compound.  In  short,  chemistry  as  applied  to 
physiology  is  a  meaiis  of  working  out  dynamical  equa- 
tioiia  in  wliich  certaiu  masses  are  dealt,  with  on  the  one 
side,  aud  oa  tlie  other,  lesser  sums,  the  total  of  which  is 
etpial  to  the  original  mass.  To  instance  our  meauing,  let 
us  deal  with  u  body  like  fat,  which  is  known  to  yiel^yi 
glycerine  and  fatty  acids  when  decomposed  in  a  certain 
manner.  The  chemist  has  a  particular  interest  in  detei^ 
mining,  nut  merely  the  general  pro[>erties  of  these  suhH 
stances,  but  also  in  seeking  to  ascertain  their  actual 
conatituLiou,  or  the  manner  iu  which  the  atoms  entering 
into  their  composition  are  arranged.  By  the  appUcati* 
of  certain  tests  he  can  tell  the  general  nature  of  sul 
stances,  and  can  place  them  by  the  side  of  others 
biniihu"  charactei"s,  and  believed  by  him  to  have  a  corre- 
sponding or  oompanible  constitution.  'J'ruc  that  such  a 
method  has  its  meaning,  even  In  physiological  chemistry, 
but  what  is  more  dinx^lly  important  to  the  physiolt^cal 
chemist  is  the  quantitative  detenuiuations  of  the  total 
products  obtained  in  the  particular  decomposition  of  fat 
referred  to,  and  such  other  Instauces. 

The  chemist  may  obtain  one  product  upon  which 
may  devote  unlimited  study  to  ascertain  its  properti^ 
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ge&enl  nature,  UOiaviour  to  rcugents,  and  constitution, 
wlwreaa  tlie  physiological  cbemisi  should  seek  i-atlier  to 
<fcvote  his  attentioa  to  all  the  pnxlucta,  until  not  only 
ihc  individuality  of  each  is  established,  but  until  their 
am  b  equal  to  the  masa  of  matter  from  which  ihey  aro 
on^oally  produced. 

Aj^i",  we  sliall  see  iu  another  chapter  that,  chemi- 
cally considered,  leucine  ia  au  luniduted  fatty  arid,  and 
cbemists  have  made  themselves  well  acquainted  with  it, 
ill  charftcter  and  cxinslitutlon ;  they  alsti  know  it  to  be 
obtaioable    from    albuminous    substances,    and    further 
know  it,  when  thus  prei»ired,  to  be  identical  with  the 
teudne  prepared  by  artilici'il  synthesis.     But  tiiis  ia  not 
QMWgh   for   the   physiological    chemist,   who  socks    to 
ucertaiu  exactly  ita  amount  and  the  nature  and  quan- 
tities of  all  other  substances  by  wliich  it  is  accompanied 
when  made  from  albumin.     Further,  it  is  important  for 
liim  to  know  whether  it  can  arise  from  other  sources  in 
the  body,  because,  if  not,  he  is  at  ouce  able  to  indicate 
its  origin  under  any  pnrticuhn-  set  of  circumstances,  and, 
,    indeed,  is  in  a  position  to  make  a  sort  of  general i»ition. 
HKqw,  of   late  years,   there  has  been    introduced   into 
^^Knical  tearJiing  the  so-called  'structure'  hypothesis  of 
^^tfboDH'oni pounds,  under  which  these  latter  arc  repre- 
sented as  structures  comprised  of  constituent  atoms  ar- 
cuiged  graphically.    This  graphical  arrangemenl  is  arrived 
at  from  a  knowledge  of  the  way  iu  which   substances 
decompose  when  subjected  to  (mrticular  processes.     That 
ia  to  aay,  if  they  yield  by  some  process  a  particular  sub- 
stance, thia  is  considered  as  sufBcient  evidence  that  tliey 
^contained  in  their  structure  a  particular  group  of  atoms; 
00  far  ao  good.    But  many  chemists  go  funher  thaa 
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this,  and  say  nnt  only  that  such  and  such  a  group  is 
present,  but  also  tlmt  it  is  present  in  a  certain  position. 
It  ia  this  last-named  assumption  that  is  so  extremely  un- 
profitiible  and  unmeaning,  particularly  for  physiological 
chemistry.  Being  purely  h^^iothetical,  it  has  no  place  ia 
true  s'_'ience  or  healthy  logic.  Let  us  try  to  indicate  how 
far  loj^^cal  reasoning  enables  us  to  indicate  the  constitu- 
tion of  substances,  Glycocholic  acid,  wheu  decomposed 
with  dilute  acids  or  alkalies,  yields  cholic  add  and 
glycocice,  and  as  the  process  employed  is  a  mild  oue, 
and  as  these  are  the  only  products,  it  ia  inferred  that  in 
the  original  molecule  of  glycocliolic  acid,  these  sub- 
stances, or  residues  of  them,  were  co-existcnt.  But 
even  this  is  mere  inference,  because  if  glycocholic  acid 
be  submitted  to  other  processes  it  yields  other  prcjducts, 
aud  applying  the  same  reasoning,  we  make  the  reductio 
ad  ahmirduin  that  this  substance  contains,  as  primary  or 
proxiuiate  nuclei,  such  a  number  that  the  sum  total  of 
their  elements  is  grejiter  than  the  amount  of  substance 
operated  upon. 

To  say  that  because  a  certain  substance  yields  certain 
other  substances  by  a  particular  mode  of  decomposition, 
therefore  residues  of  these  latter  must  have  been  present 
in  the  parent  molecule,  is  an  assumption  having  ad- 
mittedly more  or  leas  plausibility  aud  even  usefulueas, 
but  it  is  an  argument  which  must  not  be  pushed  loo  ftr, 
or  at  least  must  be  limited  by  very  clear  definitions. 
This  is  so,  because  it  a]>pears  eqiuJly  gooil  reason  to  say 
that,  since  by  acting  upon  a  particular  substance  with 
another  substance  a  thir*!  one  is  produced,  and  is  un- 
attended with  other  substances,  therefore  tliis  new  aub- 
fitancc  contains  groups  or  radicles  previously  cuutaiii* 
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ID  the  two  separate  ones;  but  such  reasoning  as  this 
iooD  leads  us  into  a  fog»  since  very  often  tlie  same  sub- 
Btooce  may  be  prepared  iu  half-a-dozeri  different  ways, 
ud  from  substances  of  such  diOerent  natures  that  ob- 
Twuly  these  could  not  contain  a  common  group.  The 
&ct  of  a  chemical  reaction  cannot  be  exceeded,  nnd  a 
dieniical  e<[uaLiou  may  or  may  not  express  the  wliole 
iniih.  When  carefully  thought  out,  it  becomes  clear 
that  chemical  constitution  is  a  phrase  of  little  mean- 
|l  hig;  it  is  a  something  cx)nceivcd  to  have  a  relation 
m  of  some  sort  with  the  sul)stunce3  from  which  and  the 
■  Burner  in  which  a  body  is  produced,  and  agdu, 
^ue  substances  uito  which  aud  the  process  by  whicli  it 
H^r  be  resolved.  In  short,  and  curiously  enough,  the 
chemisla  who  most  bravely  defend  the  *  structure '  theorj- 
c^  carbon  compounds,  have  latterly  as.«umed  a  position 
which  indicates  ils  own  indefensibility.  For  example, 
benzene,  when  submitted  to  various  processes,  is  capable 
of  yielding  hundreds  of  different  substauces.  *  Structure' 
dtemists  may  write  benzene  as  a  gmpliicjil  arrange- 
nent  of  c4irbon  and  hydrogen  atoms,  in  which  each 
cirlon  atom  is  directly  united  with  a  hydrogen  atom, 
ind  continuously  with  all  the  othej-  carbon  atoms.  But. 
putting  aside  the  ilhistration  for  what  it  is  worth — the 
particular  figure  varying  with  the  author — their  structure 
iunouuts  to  the  recc^uitiou  of  the  fact  that  in  benzene 
ifaereare  six  carbons  united  with  six  hydrogeus  (CaHj) 
ind  amounts  to  notliing  else.  '  Structure '  chemists  are 
tnot  without  a  kind  of  reasonini;  in  defence  of  their 
itions,  but  it  is  a  sort  of  reasoning  not  compre- 
'ndcd  in  the  science  of  logic.  In  fact,  the  structure 
Iheoiy  of  benzene  amounts  to  nothing  more  or  less  than 
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the  statement,  made  in  a  [>articular  way,  that  benzene 
consists  of  two  elements,  and  tbat  if  a  certain  quantity 
be  taken  and  snbtnittcd  to  the  action  of  a  certKin  qunn- 
tity  of  other  substances,  it  may  yield  a  number  of  sub- 
stances^ but  s^ippusLDg  that  Ironi  these  the  benzene  could 
be  got  back  again,  then  the  amount  would  be  equal  to 
the  original  quantity  taken.  In  other  words,  it  is  true 
that,  given  a  mass  it  is  possible  to  break  it  up  iuto  parts 
the  sum  of  wliicli  eqnals  the  original  mass.  Vary  tlie 
means  employed  to  break  it  up,  and  with  them  the  pai 
or  products  differ  also. 

For  the  purposes  of  physiological    ehemistry.    It 
sufficient  to  understand  the  meaning  of  a  chemical 
action,   and   it   is  desirable   tliat  a  chemical    equatic 
illuatratu]g  such  reaction  should  be  as  far  as  possible  n' 
mathematical  equation  in  the  sense  that  the  otlier  aide 
should  specify  not  one  particular  product,  but  embrace 
all  and  indicate  their  relative  amounts.     These  amounts 
should  be  equal  to  the  acting  masses  represented  on  ll 
first  side  of  the  equation. 

The  Chemical  Principles  and  Editcts  of  the  Body.- 
It  will  be  seen  from  the  contents  of  the  following  chi 
ters,  that  u  lai^e  number  of  the  substances  found  in 
body  are   of  huge  muleciUar  proportions,  and  do 
admit,  so  far,  of  any  reasonable  classification.     Thus 
will   be  shown  that    there  are  reasons   for   regs 
hojmatocry stall ine,  or  the  ctolouring  matter  of  tlie  bU 
as  a  distinct  chemical  individual  of  probably  greater  com^ 
plex  constitution,  than  Ebriu.     So  complex  Indeed  must 
be  its  constitution  that  even  one  of  its  dcoompositioa_ 
products — heenmtin — is  of  undetermined  structure.  Agail 
the  immense  variety  of  albuminoids  cannot  be  formulae 
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upon  a  general  type,  while  many  of  their  deeomposition 
products  require  much  more  study  before  they  admit  of 
cknifiualiou.  Chemical  researches  liave  abeady  led  to 
WDcral  forraulic  for  many  of  the  brain  printTipIea,  in- 
duding  the  phosphorised  substances  allied  to  lorithine, 
CoHhNPO,,  but  of  the  constitution  of  the  cerebrines  ami 
odier  substances,  next  to  notliiug  is  known  with  an}* 
(b^gree  of  certainly. 

While,  therefore,  it  ia  impossible  to  comprehend 
many  principles  and  educta  in  any  system  of  classification 
bown  to  chemical  science,  the  same  cannot  be  well  said 
of  the  better  known  simpler  substances  which  are  not 
peculiarly  of  animal  origin,  and  they  embrace  represen- 
.  tatives  of  almost  every  type  of  diemi(ail  substance. 
B      The  majority,  however,  of  these    classifiable  bodies 

consist  of  alcohols,  acids,  amidated  acids,  and  amines. 
K     Hydro(«rbons,  or  com[)ounds  consisting  exclusively  of 
^parbon  and  hydrogen,  do  not  occur  in  the  body,  nor  are 
■  they  contained  in  the  food  ordinarily  partaken  of  by  man. 
One  may  well  conceive  that  under  the  universal  condition 
of  oxidation  which  obtains  in  the  living  body,  it  would 
be,  perhaps,  impossible   for  any  hydrocarbon   to   per- 
manently «xiat,  even  if  elaborated  therein. 

The  alcohols,  chemically  considenid,  are  substances 

containing  replaceable  hydroxyl  (HO) ;  or  they  may  be 

regarded  as  substitution  derivatives  of  the  hydrocarbons ; 

tbus  ordinary  ethylic  alcohol  may  be  written  CjHi(HO), 

which  signifies  that  it  is  the  hj-drate  of  eth^-l.     These 

MonQpounds  are  the  analogues  of  the  ractaltic  hydrates, 

Bbd  extend    to  and   embrace  many  carbohydrates  be- 

^fcnging  to  the  groups  of  starches  and  sugars. 

ij  alcohols,  therefore,  enter  into  the  compasilion 
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of  our  food,  autl  uot  only  lio,  but  they  ore  alra  prulMib^ 
elaboniietl  withiu  the  body  iteelf,  in  some  cases  by  a  prcv" 
cess  of  hydration  operating  upon  suitable  originating 
substances.     lu  this  way  all  glucosldcs  yield  sugar, 
many  starches  also  yield  sugar. 

Mercitptaus,  or  thioaloohols,  of  which  ethylic  sulpliy- 
dratc  (C,HoHS)  is  au  example,  do  uot  occur,  so  far  as 
known,  within  the  body,  nor  is  it  possible  to  say  whctl 
the  sulphur  contained  ia  some  albuiuiaous  substanc 
exists  in  combination  in  Home  such  form. 

If  auy  of  the  starches  constitute  ethers  (as  the  anhi 
drides  of  the  alcohols  are  termed),  then  these  form  d 
only  i>art  of  the  food,  but  are  also  found  in  the  bodj 
as  for  inatauce,  glycc^eu  (CaHi^Oj)  in  llie  liver.  Th< 
ethers  are  converted  into  alcohols  by  heating  with  water 
or  ulkalies,  thus  ethylic  ether  becomes  ordinary  lUcoh 
nsfoHows:  (C,Ha),0  +  HaO=2C,H.(nO).  Glycogen  un< 
the  same  treatment  tukcs  up  water  and  becomes  sugar. 

But  the  true  constitution  of  the  bodies  known  as. 
starclies  is  far  from   being  acounitely  determined,  and 
the  chapter  on  carbohydi*ates,  it  will  be  shown  that  soi 
forms  of  starch  arc  regarded  as  aldehydes,  or  (^om[)ounc 
iutermedutte  between  the  alcohols  and  the  acids. 

The  aldehydes  are  regarded  as  hydrocarbon  derivatii 
in  which  hydrc^u  has  been  substituted  by  a  mouatoi 
radical  group  (C'CH)'.     Thus  ortlinary  alcohol  gii 
rise  to  the  formation  of  ethylic  aldehyde  when  subject* 
to  [Mirtid  oxidation,  CH,CH,OH  +  0=CJI,(COn)  +  H,^ 
By  further  oxidation  acids   are  produced,   as  for 
ample  :— CH,{COH)  +  0=Cai,CO.OH— this  equation 
presents  the  oxidation  of  aldehyde  into  acetic  fleid. 

It  is  thus  seen  that  in  an  nilimatc  sense,  acids  may 
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regarded  as  oxidation  products  ctf  hydrocarbons,  in  which 
',  hydrogen  is  rejilaced  by  a  motiud  cjirboxyl  group 
B.(CO.OH),  and  as  there   are  different  scries  of  hydro- 

V  carbons,  so  there  are  various  series  of  acids.     Tliey  all 
~     fumlali  metallic  salts,  lialoid  salts,  ethereal  salt*,  amides, 

and  whole  series  of  other  compounds  of  more  peculiar 

iflierest  to  the  chemist. 

Of  the  acetic  series,   a  large   number  of    members 

occur  in   the   body,  and  are  obtained  by  processes  of 

decomposition  fnmi  various  substances  of  animal  origin. 

ITie  acetic  series  is  derived  from  the  hydrocarbons  of  the 

Reneral  formula  CnH,„+j,  and  is  represented  by  the  gene- 
^  ral  formula  C„Ha„4^,C0(0H).  It  consists  of  homologous 
1^  nwanbers,  diflering  by  CHa,  as  shown  by  the  following 

csamples. 

H  Mfttliylitf  or  Formic  ftrid        ,        .        .        .  IlCO(Ori). 

H  Etfaylic  or  Acetic  acid CII,.OU<OII% 

H  Propjlic  or  Prupiooic  acid    .                        .  CgIt..OO(OH). 

H  TvtryUcorBuljriciirid        ....  C,H.OO|,OH). 

H  Pcntylic  or  Vivloric  acid        ....  0^11,00(011). 

■  ^  H«jlic  w  Oaprcic  ncid        ....  OaU„00(OH>. 

^^VA]1  these  may  be  obtained  from  animal  sources,  and 

V  notably  by  the  oxi<!iition  of  albuminous  and  other  sub- 
Uances. 

The  following  are  also  of  interest  to  the  animal 
chemist,  and  belong  to  the  same  series. 

Ptlmiticndd C,jIT„COC011). 

M«tn«ric«ci(l C,^,U„CO[On). 

BtMricacid         .,,...    OnH^OU^UU). 

The  Acrylic,  or  C.H^,_,CO{OH)  series  of  acids,  dc- 
med  from  the  CqIT^,  hydrocarbons,  ia  represented  by 
oleic  acid,  with  which  we  shall  make  ourselves  acquainted 
ID  other  chapters, 

D 


GBNEBAL. 


» 


The  Benzoic,  or  0^^-700(00)  series  of  adds  de- 
rived from  the  CoHto_4  scries  of  hydrocarbons,  is  repre- 
sented by  benzoic  add,  0,H,CO(OH),  and  other  sub- 
■Unces.  ^ 

Again,  the  Acetic  series  gives  rise  to  a  secondary 
series,  known  as  the  Lactic,  and  of  the  general  formula 
C.H,„(0H).00(0H) ;  while  ftxjm  the  Benzoic  aej-ies, 
another  secondary,  Salicylic  or  C.H^— ,{0H).C0(0H) 
neries  may  be  derived. 

The  juice  of  flesh  contains  two  isomeric  lactic  acids, 
one  of  whicJi  appears  to  be  identical  witJi  ethylenic  lactic 
ncid,  while  the  other,  sarcolactic  or  paralactic  acid,  as  it 
is  variously  called,  is  distinguished  by  its  power  to  direct 
potariHed  light  to  the  right.  Its  products  of  oxidation 
are  identical  with  those  derived  from  ethylidenic  lactic 
acid. 

Among  tlie  many  derivatives  of  the  acids,  none  are 
of  BO  much  interest  to  physiological  chemistry  as  the 
amides.  Artificially,  these  subst2.nces  present  no  difficulty 
in  foniiation  ;  thus  they  may  be  readily  obtained  by  the 
action  of  ammonia  on  the  acid  chlorides,  as  for  example  : 

On,CO0U2Nll,-0Ii,.CO.NJI,tNH,01, 

or  by  distillation  of  the  ammonium  salts  of  the  acids ;  thus, 

011,O0.ONH,  -  C11,.C0.NH,  ♦  OHr 

Of  course  each  serica  of  acids  gives  rise  to  its  own 
amides,  which  may  be  riewed  as  compounds  formed  from 
the  acids  by  replacement  of  the  (Oil)  group  in  the  carb- 
oxylic  group  by  tlie  monad  residual  radicle  (NUj),  (ami- 
dogen  derived  from  ammonia,  NHj). 

The  monobasic  acids  yield  only  normal  amides,  while 
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£baac  acids  give  both  normal  and  acid  amides,  or  amic 
acida  as  they  are  termed. 

la  the  chapter  on  albuminous  substances  it  is  shown, 
that  la  the  decomposition  of  tliese  bodies  by  a  process  of 
bydnition,  a  lai^  number  of  amides  and  amic  acids  are 
obiMied.  There  are  representatives  of  these  substances 
flkfb  the  urine,  notable  among  tliem  being  hippuric 
add  (bcnz-araido  acetic  acid). 

The  only  other  class  of  bodies  wc  need  notice  here 
is  the  amines,  which  are  viewed  as  being  derived  from 
ammoDia  by  the  substilulaon  of  hydrocarbon  groups  for 
hydrogen.  The  amines,  or  compound  ammonias,  as 
they  are  also  termed,  may  be  grou])ed  into  three  classes, 
BU&ely  monamines,  diamines,  and  trianiincs. 

Thus  we  have  among  others  the  following  mon- 
rintbes: — 


N 


A%tM>U». 


BttOftdUT. 

H 


N. 


fO,H, 

N  o,n. 


re  liave  also  : — 

nJu 


MiBiliia, 

N,  H, 


Triamla*. 
Triamttliil'rntnit, 


These  aminee  arc  well  represented  in  physiological 
by   urea  or   carbamide   CO(NHj)(,   and  tlie 
number  of  derivatives  to  which  it  gives  rise,  as 
by  trimethylamiuc   obtained  from  various  animal 
ifastiuioes   by  distillation.      As   another    representative, 
tlthougb  of  a   more  complex  kind,  wc  may  example 
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neiiriii}  or  the  ammonium  base  obtained  in  the  decom- 
position of  the  phosphorised  principles  of  brain  matter. 
All  these  organic  ammouias  strongly  resemble  ammonia 
in  their  properties,  combining  directly  witli  lu'ids  to  form 
salts,  by  treatment  of  wliich  with  oxide  of  silver  tt 
corres£)Oudiug  hydiutea  are  obtained.     Tlnis — 


and 


The  hydrates  obtjiined  in  this  way  are  caustic  substance 
exliibiting  many  of  the  properties  of  their  analogues, 
caustic  alkalies. 

Chemical  Changes  Occurring  in  the  Body. — The 
chemical  decompositions  for  ever  occurring  in  the  Hving 
body  arc  all  included  in  two  processes,  viz.,  those  of 
hydration  and  oxidation,  that  is  to  say,  they  arc  decom- 
positions depending  upon  the  assimilation  by  substances 
of  the  elements  of  water,  or  upon  the  action  of  oxygen. 
These  processes  occur  of  course  separately,  but  they 
may  be,  and  often  are,  associated  in  succession.  They 
are  of  sufficient  importance  to  merit  some  special  con- 
sideration in  this  place,  and  glancing  lightly  over  the 
ground  which  is  covered  more  particularly  in  the  various  ■■ 
chapters,  a  number  of  instances  of  hydration  and  oxidfl^ 
lion  may  be  en  pasmnt  refcn-ed  to.  For  instance,  the 
starch  of  food  is,  in  tlie  mouth  ami  stomach,  transformed 
into  sugar  by  the  assumption  of  water,  an  assumption 
directly  earned  by  the  unexplained  ferment-like  or 
contact-like  power  of  ptyaltne.  Again,  the  amyloid-^ 
substance  of  the  liver  is  supposed  to  undergo  a  simil 
change,  or,  yet  again,  fata  in  coiu^e  of  digestion  are  lik< 
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Split  up  by  hydration  into  fatty  acids  and  glyceriuo. 

In  pathology,  the  hydration  process  Is  apparently  of  yet 

greater  importance,  thus,  for  example,  in  softening  of  the 
Bbnuii,  one  of  its  principles  suffers  disintegratiou  iu  this 
■way.      The    fuUowing    equations  show   these   changes, 

which  are  seen  to  depend  upon  the  direct  assimilation 

of  water  by  the  bodies  thus  ehauged. 

C<H„0,  +  11,0  -  C,H„0, 
|0„H^0. 

o,H.  c„n„o,  +  311,0  -  c^(no),  +  30,.n„a, 
J  0^,0,  +  3U.fl  -  c,n»po,  +  c,ir„NO  + 

(HOtOPO)0,H„NO 

c„u„o,  +  c.,n^o,. 

This  assumption  of  water  takes  place,  iu  numerous 
instances,  at  the  ordinary  tempcrattires,  but  for  other 
Qises,  a  more  or  less  elevated  teuipurature  is  required. 
This  latter  condition  is,  of  course,  provided  iu  the  animal 
body  also.  Changes  by  hydi-atiou  may  result  from  mere 
ODQtaet  with  water  of  the  bodies  to  be  changed ;  in 
;  niany  other  instances  they  occur  by  the  intemnediatioii 
of  a  third  body,  such  as  dilute  acids  or  other  substances, 
[nrtaking  of  the  nature  of  a  ferment  or  zynmsc.  The 
specific  manner  of  this  interraedialion  is  undetermined. 
It  is  by  a  proce^  of  hydration  tbat  albumiuoids  in  the 
stomach  are  changed  into  peptones,  and  again,  it  is  by  a 
liinihir  pr<H*<?ss,  pcr|ietuatcd  further,  tliat  these  are  deconi- 

id  into  such  proximate  nuclei  as  tyrosin,  leucine,  &c. 

Oxidation,  as  a  pracess  liappeuing  outbade  the  body, 
[or  in  the  luborutory,  ia  very  wcU  understood.     There  are 


*"*  GENERAL. 

degrees  of  oxidation  as  there  are  degrees  of  hydration, 

aud  these  deixjad  upon  the  nature  of  the  oxidising  agent 

and  the  conditions  under  which  the  process  is  effected. 

Thus  the  products  of  the  oxidation  of  turpentine,  for 

example,  differ  according  as  the  oxidant  l)e  air,  or  nitric 

acid,  and  so  forth.      It  is  so-called  '  limited  '  oxidation 

that  is  of  peculiar  import  in  studying  the  chemistry  of 

animal  and  vegetable  processes ;  in  other  words,  it  is 

oxidation  by  air  which  chiefly  concerns  us  here. 

In  some  cases  hydrogen  is  removed,  having  com- 
bined with  the  oxygen  of  the  air  to  form  water ;  this 
happens  with  alcohol  as  follows  : — 


C,H,0  +  O,  -  H,0  +  0,H,0, ; 

or  the  reaction  may  go  further  in  the  body,  j>erhap9,  and 
give  rise  lo  water  and  carbonic  anhydride  only  ;  thu 


0,H,0  +  70  -  Sn.O  4  30(V 


J 


Or,  again,  oxygen  may  not  only  remove  hydrogen  from 
substances  in  this  %ray,  but  may  also  attach  itself  simul- 
taneously. It  b  doubtfid  whether  such  a  state  of  things 
ever  bappeus  in  the  animal  system,  bat  it  is  quite  con- 
cei\'able,  inasmuch  as  one  may  realise  it  in  the  labora- 
tory. 

Further,  oxygen  may  resolve  large  molecules  into 
simpler  ones,  with  the  elimination  of  water  aud  the  pro- 
duction of  oxidised  cunipuunds.     Thu"*— 


Here,   triethylcaibinol  is  resolved   into    propionic  and 
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acelJc  acids,  wliilst  water  is  also  formed.  In  other 
aeea  oxygen  is  simply  added  on  to  the  substances  ex- 
pOMxI  to  its  action,  aldehyde  becoming  in  this  way  acetic 
acid, 

As  Mrith  hydration,  so  also  with  oxidation,  it  may  be 
Mid  that   the  milder  the  means  resorted  to,  the  more 
ckwdy  allied  are  the  products  to   the  original  parent 
molecules.     The   remarkable   thing  to  be   noted   here, 
I»*evcr,  is,  that  whereas  out  of  the  body  it  is  difficult  to 
nuke  air  or  oxygen  itself  effect  cerUiin  decom position,^, 
wonger   reagents  being    required,    yet,  in   the   body, 
o^Q  is  the  ouly  substance  whiL'h  is  utilised  for  pur- 
poaes  of   oxidation.       There   is  this    difference   to   be 
otnerved,  which  throws  some  light  upon  this  curioua 
fccl,riz.,  that  the  substances  wliich  undergo  oxidation  in 
ihe  body  are  probably  the  simpler  moleoulea  which  have 
been  first  produced  from  larger  molecules  by  hydration ; 
tiiese  larger  molecules,  being  for  the  moat  part  colloidal 
io  nature,  offer,  as  a  rule,  less  resistance  tw  processes  of 
(iai^e  than  substances  of  a  crystalline  character,  to 
which  class  most  of  the  substances  treated  in  the  labora- 
tory belong.    Moreover,  the  simplex  nuclei,  which  undergo 
otidfttion  within  the  body,  may  be  in  stat/t  nojicendi,  that 
is  to  say,  just  broken  off  from  the  parent  substances,  and 
Ktrcely  settled  down  into  their  next  forms,  and  it  is 
notorious  that  bodies  in  this  state  of  being  are  peculiarly 
iable  to  undergo  oxidation  under  given  conditions. 

Ko  doubt,  within  the  body  these  processes  of  hydnt- 
km  and  oxidation  may  occur  successively  so  quickly  as 
nnctically  to  occur  together,  or  they  may  even  literally 
xxuT  together.    We  have  an  example  of  this  in   the 
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laboratory  with  acetylene,  which, 
inlluences,  becomes  acetic  acid. 


under  these  combined 


c,n,+o+u/).c,H,o, 

It  ia  too  often  ignorantly  imagined,  and  also  state 
sometimc3,  that  the  animal  function  is  mainly  or  eatirtd] 
one  of  analysb.  The  act  of  synthc&is  is  conceived 
leside  almost  exclusively  iu  life  of  &  vegetable  chara( 
This  b  erroneous,  for  we  find  most  complicated  sj 
thetical  acts  going  on  in  the  animal  body  itself,  &n.i 
liurely  the  very  existence  of  brain  matter  and  ha;mat< 
ciystalHne  is  sufEcieut  jiroof  of  tliis.  To  appreciate  tin 
truth  of  thi^  it  is  only  necessary  to  bear  in  mind  that  lif 
can  be  sustained  upon  food  made  up  of  albuminous  com-j 
pounds,  fat,  starchy  matters,  sugar,  and  water ;  and  bea( 
it  must  be  by  reactions  occurring  between  these  sul 
stances,  or  the  products  produced  from  these  within  ihi 
system,  that  the  brain-matter  and  other  principles 
evolved.  Not  only  is  it  so  with  bniin  principles,  but  aU 
with  many  of  the  constituents  of  the  bile  and  the  bk 
&C.  But  of  the  exact  processes  by  whicli  such  syntheses' 
are  eflected,  we  may  be  said  to  know  next  to  nothing. 
One  of  the  most  evident  of  these  synthetical  acts  is  the 
formation  of  the  solid  tissues  themselves,  mainly  composed 
as  \hvy  are  of  albumin  lu  one  or  other  form.  Fibrin,  or 
the  flosh  of  animals,  when  eaten  as  food,  suffers  a  kind 
of  aualytical  change  in  the  stomach ;  it  is  changed,  as 
we  know,  into  soluble  peptone-substance,  which,  by  its 
solubihly  and  ullimate  state  of  division,  admits  of  being 
absorbed  into  the  circulating  fluids  of  the  body.  Bj 
and  by,  however,  the  peptone-subsUmce  is  synthcticallj 
changed  into  solid  albumin  again,  and,  as  such,  goes  to' 
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form  muscle  and  so  fortli.     Much  luort;  inan-ellouij,  liow- 
erer,  is  tlie  power  existing  iu  the  protoplasm  of  brain 
matter — the  power  by  which  those  couslituents  of  the 
Uo(k1  which  are  requisite  are  selected,  and  combined  to 
make  the  solid  principles  entering  into  the  brain  compo- 
3(k>Q.    One  can  conceive  that  this  selective  power  seizes 
bold  of  a  fat  or  siinihir  ]»niK:iple,  together  with  a  suitible 
form  of  phosphoric  acid,  and    also   neurine,   and  these 
■nbstances  being  thus  more  intimiitcly  brought  in  con- 
Uct,  they,  through  the  synthetical  iniluence  residing  in 
ibe  protoplasm,  combine,  giving  rise  lu  those  coinph- 
cated  substances  with  whose  chemistry  wc   shall   else- 
where  make    ourselves   familiar.      Allowing    that    the 
larger  number  of  principles  met  with  iu  the  living  body 
are  excretory ;  that  is,  products  of  analytical  or  destruc- 
tive change^  there  yel  remain  a  scarcely  inferior  number 
of  other  principles  which,  as  they  do  not  exist  in  our 
food,  must  be  regarded  as  the  producta  of  synthesis  or 
CODStruclion  elaborated  in  the  body  itself. 

The  proper  pursuit  of  chemical  enquiry  has  taught  ua 
somewhat  of  these  various  processes  and  product,  and 
;  will  in  its  p<;q)etualion  yield  much  more — almost  an  un- 
limited amount  of  information. 

It  will  be  seen  that  the  researches  of  chemists — such 
(MS  those  of  SchUtzcnbergcr — directed  u]>on  albuminous 
bodies,  have  thrown  much  light  upon  what  may  be  called 
the  excretory  power  in  life,  so  that  wc  may  say  with 
tolerable  certainty,  that  this  and  that  constituent  of  the 
urine  hare  been  derived  from  the  decomposition  of  albu- 
tinin.     So  in  the  future,  as  this  sort  of  knowledge  shall 
EiDcreaae,  we  may  possibly  be  able  to  tniee  back  all  excre- 
tory substances,  not  only  to  their  parent  molecules,  but 
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•^  to  iiKlicate  the  very  processes  which   have  led  to 
Uiauf  pruduelion. 

SchUtxeuberger's  method  of  procedure  was  one  em- 
^>yixl  btiforehimd  by  Strecker  in  many  of  his  investi- 
^Uvttis,  Hnd  is  the  same  as  that  employed  by  Thudichum 
m  his  study  of  the  couslitution  of  brain  principles.  And 
Ihi*  method  is  a  proper  method,  because  it  is  in  imitation 
of  ihut  natural  hydration  process  incessantly  going  on  in 
Uio  living  body.  But  it  has  been  shown  that  oxidation 
by  wr  also  occurs  witliin  the  body,  and  hence  it  is  reason- 
ftble  to  expect  that  researches  having  for  their  object  the 
rtudy  of  the  mdd  oxidising  power,  or  that  united  with 
ontJ  of  hydration,  as  apphed  to  albuminous  and  other 
pvimipK^  would  lead  to  even  more  imjwrtant  infor- 
maiitm  lliau  any  of  which  mankind  is  now  in  possession. 
Uic  blood  may  be  viewed  as  a  solution  coDtaining.a 
Vttru'ty  of  subsUmces  exposed  to  the  action  of  dissolved 
*"  combined  oxygen  ;  a  similar  process  is  going  on  at 
ovcry  ptiint  of  the  body  reached  by  the  Wood  currents, 
llydmtion  is  also  going  on  here  and  there,  if  not  every- 
wlicre,  and  the  two  processes  often  U^cther.  What 
woiidiT,  iheu,  tliat  tlie  multimde  of  substances  thus 
i«liiboi*at«'<l  and  produced  is  so  great.  Even  the  sub- 
iliUicen  thus  elaborated  and  produced  act  and  react,  and 
thwn  the  number  is  increased  till  it  becomes  almost  end- 
Um,  It  is  in  ilie  power  of  chemists  to  imitate  such  a 
•Utu  of  thiDgs  to  some  extent  in  tlic  laboratory,  but  tlie 
|HWor  i«  one  of  which  they  have  availed  themselves  as 
^H  yol  in  a  very  small  degrcw.  Who  can  Icll,  for  instance, 
^B  yiUni  results  might  be  obtained  by  studying  the  action  of 
I  oiy^on  or  air  ujxm  peptones,  or  upon  the  phosphorised 
I       luuttors  uf  ihc  braiu,  under  conditions  where  hydration 
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could  not  obtain,  and  also  under  other  conditions  where 
this  process  may  precede  or  accompany  that  of  oxidation? 
Such  studies  would  probably  throw  much  light  upon  the 
relations  existing  between  bodies  found  in  the  blood,  the 
brain,  the  bile,  and  tlie  urine,  and  it  is  principally  upon 
a  perfected  knowledge  of  such  relations  that  we  can  hope 
for  a  philosophy  of  chemical  physiology  to  be  constructed. 
At  present  there  is  no  such  philosophy,  but  only  a  number 
of  oases  of  facts,  between  some  of  which  certain  probable 
relations  are  dimly  visible.  But  the  connection  is  broken 
at  almost  every  point,  and  thus  we  are  lelit  with  a  semi- 
rational  view  of  life,  and  a  less  rational  art  of  medicine. 


PART  ir. 

ORGANS,   FLUIDS,  AND   PEOCESSES  CONXERNED 
IN  DIGESTION,  &c. 


CHAPTER  IV. 


SALIVA  A\D  CTUih   DIGESnON. 
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■^CPOKE  entering  upon  the  study  of  foods  and  the  nature 
of  those  best  qualified  to  meet  the  demands  of  the  system, 
it  will  be  best  to  consider  what  those  demands  are,  and 
the  mct1io<ls  by  which  food  is  nssimilntod  in  the  body. 

Mired  Saliva  and  Oral  Digestion. — The  food  is  com- 
minuted in  the  month  by  chewing,  and  at  the  same  time 
becomes  mixed  with  the  saliva — a  mixture  of  fluida 
jted  by  different  salivary  glands  (the  ducts  of  which 
into  the  cavity  of  the  mouth),  and  buccal  mucus, 
^  iTie  secretion  of  the  mucous  membrane  of  the  oral  cavity, 
containing  some  few  epithelial  particles.    Mixed  human 
saliva  is  a  turbid,  opalescent,  and  somewhat  viscid  fluid, 
»,    having  a  specific  gravity  of  1004  to  1006  generally;  its 
^k>eci6c  gravity  is  very  liable  to  variationa,  being  dependent 
Hnpon  tlie  amount  of  admixed  mucus,  and  it  not  rarely 
■■   rises  us  high  as  1-026.     According  to  Wright,  saliva  is 
denser  after  partaking  of  food  than  when  obsen'ed  under 
fasting  conditions.     It  may  be  obtained  in  quantity  by 
itk^ling  the  fauces  with  a  feather.     As  thus  obt^iined  it 
a  more  or  less  alkaline  reaction  to  test  paper, 
vdA  has  the  power  of  transforming  starch  into  sugar,  as 
;  first  ."hown  by  Leuchs. 

This  power  possessed  by  ptyaliu,  a.s  the  active  prin- 
idfde  of  saliva  is  termed,  resembles  tliat  of  diastase,  a 
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ferment  produced  from  ninlt,nml  onewhicli  Baron  Ijebig 
applied  in  tlie  fabricyition  of  a  food  for  iufanls.  Althotigli 
we  are  unacquaiuted  with  the  cliemkal  identity  of  pty«- 
line,  its  action  upon  starch  so  far  resembles  that  of  many 

j  fermeutj!  aud  dilute  sulphuric  acid,  in  that  it  consists  iu 
determining  the  molecular  addition  of  water  to  starch, 

^Uiyreby  producmg  sugar, 

^^In  a  paper  by  Lefberg  and  Georgieski,'  it  has  been 
shown   that   all   starches  are  not  affected  alike.     Thus 
potato-starcli    is  converted    more    easily    than    wheaten 
^^starch,  while  maize-slarch  occupies  an  iutermediate  poai- 
^kon ;  soluble  starch  behaves  like  potato-starch. 
^P      Starch,  as  is  well  known,  consists  of  an  outer  coating 
^  of  cellulose  enclosing  alternating  layers  of  granulose,  and 
^^allhough  these  bodies  present  the  same  empiric  composi- 
^  tion,  there  is  a  considerable  difference  of  property  betrayed 
by  the  two.  Thus  grauulose  is  immediately  coloured  blue 
L      by  iodine,  whereas  cellulose  does  not  exhibit  this  reaction 
H  until  it  has  been  first  exposed  to  the  action  of  sulphuric 
^  acid  or  zinc  chloride.     Similarly,  iu  the  action  of  saliva 
upon  starch  it  is  the  gmnulose  which  is  first  converted 
into  dextrine  and  sugar,  and  only  after  some  time,  or  at 
higher  temperatures,  is  tlie  cellulose  likewise  aUered.    Of 
these  specific  chuuges,  however,  we  shall  have  more  to 
in  anollier  place. 

Ttyalin  may  be  isolated  in  a  measure,  though  not 
in  a  pure  sUile  (probably),  by  precipitating  fresh  aali\^ 
with  pho-''phate  of  lime  [iroduced  in  situ^  that  is,  by  the 
addition  of  phosphoric  acid  and  lime  water 

>  SuiL  «*e.  Oam.  [2]  xxt.  393. 
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Ihe  fermeot  is  carried  down  in  a  mcclmnical  manner  with 
ibe  calcic  phosphate,  and  iiioy  be  aftt;rwanls  extracted 
by  water.  From  the  aqueous  solution  it  la  precipitated 
bj  alcohol,  and  by  continunlly  repeating  the  solution  in 
H  Wftler  ami  repreci])ilation  by  alcoliol,  ptyalin  is  obtained 
H  in  fl  mow-white  form  ;  ita  composition  has  not  yet  been 
H  detennineJ.  As  it  fails  to  give  the  xiitithopnitcie  reac- 
^P  litm  with  nitric  acid,  it  is  not  regarded  as  au  albuminoid, 
sJtbough  it  is  not  improbably  derived  from  some  such 
Kibsi^ce.  Its  solution  does  not  coagulate  on  beating, 
but  its  fenneative  power  is  destroyed  at  60";  it  is  also 
destroyed  by  strong  acids  and  alkalies,  and  docs  not  take 
place  at  O^C.     Ptyalin  is  most  lu-tive  at  40''C. 

Besides  ptyalin,  mixed  ssJiva  contjiins,  as  we  have 
aeen»  mucus,  a  small  quantity  of  undetermined  fat  or 
fiitly  acids,  potassic  and  sodic  sulphocyanides,  calcium, 
and  alkaline  carbonates.  According  to  E.  Biittger,*  he 
has  obtained  indications  of  the  presence  of  a  nitrite  iu 
saliva  by  acidifying  with  su][>huric  acid,  and  adding  a 
mixture  of  cadmium  iodide  and  starch,  when  a  blue 
colour  U  said  to  be  produced. 

The  presence  of  sulphtxiyanogen  in  saliva  is  peculiar 
to  man,  and  its  fimction  remains  unexplained,  although  one 
author  (Kletzinaky)  hixs  suggested  that  its  presence  resista 
the  formation  of  fungi  between  the  teeth.  A  tooth-brush 
would  do  this  as  well!  Sulph(«:yanides  are  recognised 
in  saliva  by  the  red  colour  which  ferric  chloride  imparts 
to  it,  or  to  the  distillate  obtained  by  boiling  it  with  acids. 
This  colour  disappears  on  adding  mercuric  chloride,  and 
thus  distinguishes  it  from  that  given  by  meconic  acid. 


»  C^em.  Centr.  IS72.  741. 
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R,  Bottger'  recommeiuls,  in  preference  to  this  lest, 
impregnate  a  sirip  of  Swedish  filter  paper  with  tinctui 
of  guaiacum,  diy,  and  aften^'oixls  [Xiss  tUrougU  a  solution 
of  cupric  sulphate  (1  in  2000);  paper  thus  prepared 
instantly  turns  blue  when  moistened  with  saliva.  Wright 
found  the  quantity  of  sulphocyanides  to  increase  under 
medicinal  tnratnient  involving  consumption  of  sulphur. 

Cidoium  exists  in  cromhination  in  ailiva  other  than  as 
carbonate,  perhaps  with  ptyalin,  for  if  it  be  allowed  to 
stand  in  the  air,  a  crust  of  calcic  carbonate  forms  over 
the  surface ;  it  is  not  improbable,  however,  that  tt  exists 
as  bicarbonate.  The  deposits  of  so-called  tartar,  whit 
frequently  are  allowed  to  form  upon  the  teeth,  consist 
calcic  carbonate  which  is  derived  from  saliva.     Magn^ 

ia  also  found  in  saliva,  and  traces  of  pho3ph( 
acid,  alkaline  chlorides,  carbonates,  and  sometimes  sii 
piiatcs,  but  their  proportions,  as  also  those  of  the  othc 
constituents,  are  by  no  means  (mnstant.     Lchmann  det 
mined  the  fixed  .solids  in  mixed  saliva  at  0  388  to  0*841 
per  cent.;  frequently,  however,  1-5  per  cent,  is  founc 
Ptyalin  couslitutes  about  one  tliird  of  the  soluble  soLit 
of  saliva. 

The  following  analpis  of  mixed  saliva '  exhibits  it 
general  composition 


PtyoIlD                     -W 

"Water  904 

Miicuft              ■•  1'6 

Solid*      6  ■( 

Fat                     -  1-a 

-1000 

Hulphocyxnidw  *  0-1 

[  Salts                 - 1-7 

Besides  the  previously  enumerated   conslituents 


*  ZeitmAr.  Awd.  Cf>em,  xi.  300. 

*  Tftkcn  from    Balfu't    JiipwUiogieat  Ciemutty,  "when  Mores  is 
aUted. 
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livfl,  albumin  is  invariably  present  in  small  quantity  in 
'res()ective  forms  known  as  globulin  and  niuciu.  As 
boreaAer  we  shall  conaidcr  albuminous  jirinciples  at  some 
Iffigthf  we  need  not  refer  more  particularly  to  tliuiii  in 
tliis  place. 

The  part  takeu  by  saliva  iu  the  great  process  of 
digestion  Is  not  thoroughly  known,  but  there  can.  be  no 
doiibt  that  one  of  the  most  important  functions  of  Siilivn 
iseicrt<jtl  through  the  power  of  ptyaliu  to  convert  the 
««xhy  matters  contained  in  food  into  sugar,  as  alreotly 
described.  It  has  been  pretty  welt  ascertained  expeii- 
ttentally  by  Lehmana  and  others,  that  tliere  is  scarcely 
time  for  this  process  to  complete  itself  in  the  mouth  ;  it 
8  continued  in  the  stomach  and  the  smaller  intf^tine. 

Saliva  serves  also  to  moisten  the  food,  nntl  thus  ii 
Wlates  the  act  of  deglutition  ;  this  is,  of  course,  an  im- 
portant point,  and  from  what  we  know,  it  appears  to 
admit  of  experimental  confirmation  by  the  fact  that  dry 
feods  cause  a  more  abundant  flow  of  saliva  than  wet 
fcoda  or  liquids. 

Liebig  suggested,  from  the  frothy  nature  of  saliva, 

ind  the  fact  that  it  occurs  full  of  air  bubbles,  that  one  of 

[its  purposes  was  to  convey  air  to  the  stomach  and  iutes- 

rtinal  canal.     All  that  can  be  said,  however,  iu  favour  of 

this  view  is  that  it  has  not  yet  been  determined  whether 

the  presence  of  air  is  essential  to  the  transformation  of 

hitarch  into  sugar  by  means  of  ptyalin;  probably  it  is 

Isot. 

The  quantity  of  mixed  saliva  secreted  by  a  man  in 
24  hours  varies  between  300  and  1500  grammes;  it  is 
ittoreased  by  excitants  and  certain  medicines  and  poisons. 
Particular  Salivartf  Secretions. — There  arc  four  kinds 

b3 
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i«f  Mlirarj  glands,  ami  the  secrelioa  furnished  by 
of  tb«ae  is  distiuct  in  chAracter.' 

The  aublingiiiU  gland  lies  xxndemeath  the  tongue, 
while  the  submaxillary  glands  are  eiUiatetl  on  the  sides  of 
ihe  tongue  underneath  the  lower  jaw;  all  these  glaodi^ 
however,  discharge  iuto  the  same  duct,  which  lies  under- 
neAlh  the  fori^part  of  the  tongue.  From  these  and  the 
parotid  glands  the  salitra  is  collected  by  the  introduction 
of  CMiulffi  into  the  ducts,  but  the  secretion  of  one  and 
the  same  gland  or  set  of  glands  may  vary  according  to 
the  agencies  whicli  call  them  into  action.  For  these 
rvti'Kiiis  and  the  difficulty  attached  to  the  operation  of 
iT»Ileoling  saliva,  the  chemical  nature  of  the  secretions  of 
distinct  glands  is  but  little  known.  Four  different  kinds 
of  Msu-otiou,  however,  are  recognised,  acconling  to  th^ 
ttorvoa  whose  irritation  has  furnished  the  supply. 

O^onlal  stilim  is  secreted  by  the  submaxillary  glam 
oil  irrimtion  of  a  nerve  which  is  a  branch  of  the  facii 
Hud   »   termed   'chorda   tympani.'     Its    composition 
d**?criUxl  by  Thudichum  as  follows: — 


itoM  uiillw*  -  4  (wr  cmt. 


»!■&    Globulin,    muoD,   mod   cosfifulable 

kllnimio. 
■•a-6  mainly  alluLliiio  chloridas  ud  lime 

nlu  (chiofly  Ucftrbonote). 


Symp'ith^tic  saliva  is  fiimished  on  irritation  of  tl 
«vm|>itrhi>lio  nerve,  and  is  collected  from  the  submaxillary 
ukmbi.     It  is  opaque  and  tough  in  character,  contaii 
Oi'in  1&  to  28  per  mille  of  solids  and  much  free  alkali. 

(itVMiumic  mliva  flows  when  the  submaxillary  gni 


<  |«illiimnH'a  nyfJufitiM  C%rmittry,  tdL  iL     Abo  Tbuilichum's 
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glioD  ut  made  tlie  centre  of  a  reflex  action  working  by 
wav  of  the  liiigiial  nerve. 

Paralytic  tsaliva  is  very  thin,  and  contiiins  but  little 
solid  matter ;  it  results  under  the  influence  of  nervous 
paralyais,  caused  by  degeneration,  or  poisoning,  or 
wounds  which  separate  the  secretory  nerves.  Notliing 
i*  known  of  its  composition. 

Parotid  ttnliva  is  lUkiiline  and  viscous,  and  has  tlie 
ibllowing  composition  in  1000  parts: — 

W»t«r -WfiS 

Of|;tnie  matter — ptyalin,  albumii),  globulin  .  «     1*4 

Oileium  ou-boiiati;  .  .  .  .  >     1-9 

OUkt  numeral  mattera       .  .  .  ■  ~     ^1 


JIXJO-O 

Paikologicai  Aspects    of   Saliva. — The  presence  of 
hictic  add  in  saUva  has  been  frequently  asserted,  but 
while  there  is  great  doubt  about  it,  it  is  ccrtaiu  that 
during  some  diseases  the  saliva  grows  more  or  less  a<id  ; 
chna,  according  to  Donne,'  s:diva  is  acid  in  iuflatumatory 
affections  of  the  priinie  viaj,  in  pleurilis,  euceplialids,  &c., 
&c.     Wright  assumes  the  acid  state  sometimes  observed 
in  sah%'a  lo  be  refemble  to,  among  other  diseases,  rachitis. 
But  all   these  and  many  similar  observations  are  nut 
worth  mucli  credit,  being  too  vague,  and  admitting  of  no 
reduction  tu  definileness.     It  is  also  snid  that  lactic  acid 
is  to  be  found  in  saliva  in  cases  of  diabetes,  but  the  state- 
ment has  as  often  been  contradicted.     In  salivation  pro- 
duced by  mercury,  llie  sulplujcyiuiides  ordiuaiily  present 
disapi>ear  from  saliva,  and  mercurj*  appears. 

Uany  medicinal  preparalious,  such  as  potassic  iodide 

»  SiMoire  pltytioS.  et  pttihol.  de  la  Saiin.    ram,  1^36. 
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and  chlorate,  readily  pass  from  the  blood  mto  the  saliva, 
and  may  be  detected  there  long  before  they  appear  in 
the  urine.  Leucine  has  been  found  in  the  paralytic 
saliva  of  hysteric  persons,  and  in  other  diseases  the 
presence  of  urea  has  been  stated  ;  this  is  not  surprising, 
for  in  cases  of  cholera  it  appears  in  quantity  in  the 
brain  also.  According  to  Wright,  biliary  matters,  and 
especially  cholesterine,  sometimes  even  pus,  pass  into 
the  saliva,  but  Lehmann  viewed  Wright's  work  on  saliva 
with  considerable  suspicion.  Some  of  his  work  is,  how- 
ever, of  no  mean  value;  and,  among  other  matters,  he 
states  that  he  was  led  by  experiment  to  lend  confirmation 
to  the  old  opinion  that  the  saliva  of  enraged  animals,  or 
men  during  violent  anger,  is  capable  of  inducing  sus- 
piciously morbid  symptoms  when  introduced  into  the 
blood.  Later  experiments  by  Lehmann  and  Jacu- 
bowitsch  have  not  supported  the  results  obtained  by 
Wright,  although,  as  is  well  known,  saliva  is  the  carrier 
of  the  contact  ferment-poison  by  which  hydrophobia  is 
propagated. 
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CHAPTER  V. 


6ASTEIC  JCICE  AXD   GASTRIC  DIGESTION. 


Resumi  of  Oastric  Digestion. — The  food,  reduced  to  a 
jmlp  in  the  mouth  find  mixed  with  sniiva  and  air-bubbles, 
arrivea  m  the  storaanh  and  there  undergoes  what  is 
termed  gastric  digestion.  The  mucous  membrane  lining 
the  walk  of  the  stomach  is  covered  with  multitudes  of 
simple  glands  which  open  upon  its  surface,  and  atuong 
these  there  occur  others  which  are  more  complicated,  and 
liiive  their  bliud  euds  subdivided.  These  latter  are  tho 
peptic  glands^  which  are  excited  by  the  preseuce  of  food 
in  the  stomach  lo  excrete  a  thin  acid  fluid,  called  the 
gasuic  juice.  The  contractions  of  the  stomach  roll  the 
food  about  uud  thoroughly  incorporate  it  witli  this  said 
juice,  forming,  in  process  of  time,  a  matter  of  consider- 
able consistency  culled  chyme. 

Description  arid  Characters  of  Ga^ic  Juice.- — Gastric 
Juice  is  an  acid,  glairy,  slightly  yellowish  fluid  of  varying 
specific  gmvily,  according  to  the  means  adopted  for 
causing  its  How  and  the  relative  time  of  collecting  it 
to  that  when  food  was  last  iu  the  stomach,  &c.  At  early 
stages  in  the  process  of  digestion  It  hua  a  specific  gravity 
of  10 It).  It  does  uot  become  turbid  on  boiling,  and 
has  no  great  tendency  to  putrefaction.  Its  corapoaition, 
which  is  no  doubt  uot  a  constant,  has  been  variously 
given. 
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Thus  Sclimidt,'  wlio  made  on  analysis  of  a  sample 
obtained  from  a  woman  suflcriug  from  gastric  fisluk,_ 
assigned  to  it  the  following  constitution:  — 

Specific  gtMitj 1*030 

•Wuta =  0M13 

PepiiQ =  0-78 

SuKBT,  albiuuinatea,  Wtic;  and  butyric  acids,  iuumoTii«, 

Ac -  38-43 

PolBsno  ebloride -  0-70 

Sudic  chlurido -  426 

PotftBh -  0-17 

Onlcic  phoAphatA »  1*03 

Magaeeic  plioBpiidto ......          =  0'47 

Fwric  pliOspliatH B  0*01 

From  the  presence  of  sugar,  albuminates,  &c.,  it  wilt 
be  seen  that  this  analysis  refers  to  gastric  juice  mixed 
with   food  which  has   been   to  some    extent   prttviously^ 
altered  by  saliva.      This   probably  explains   why  tl 
fluid  thus  e.^aniined  was  slij^htly  alkaline,  a  result  whic 
would  be  brought  about  by  tlie  presence  of  saliva.     Tliil 
33  confirmed   by  the  fact  that  when  the  gastric  juit 
was  made  to  flow  by  introduwug  peas  uito  the  stomacK,' 
it  was  obtamed  uainised  with  saliva,  and  containing  freft^ 
hydrochloric  acid.  H 

The  amount  of  gastric  juice  secreted  daily  by  thgB 
human  stomach  has  been  vaiiously  estimated.     Grueue- 
waldt*  estimuted  it  at  264  grms.  for  every  kilogramme  of 
body  weight,  or  about  31  lbs,  in  twenty-four  hours.  Other 
duterminatious  lead  only  to  about  10  per  ceut.  of  th^j 
body  weight,  or  16  lbs.  ^| 

Schmidt  determined  tlic  amount  of  free  hydrochloric 
add  in  dogs'  gastric  juice  at  from  0'245  to  0-423  per 
cent.,  and  also  found  traces  of  diloride  of  ammonium.  ^M 

*  liehmuin's  Tliymokigieai  CKcmuti't/,  \<A.  3,  Appendix,  p.  fiCt.  ^* 

*  Suca  ffotrid  huntam  huioltM pk^mca  «t  cAcMttcd,  ed.  Dorp.  Liv.  1863. 
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L  RAbutcm  and  F.  Papilloii^  have  demonstrated  the 
presence  of  hydrochloric  acid  in  the  giistric  jui<:€  of  ihe 
ray,  and  a  metallic  bromide,  but  no  hydrobromic  arid. 

Mr.  Kalfe,^  without  namiug  the  source  of  his  analysis, 
giTCsthc  foUowing  composition  to  human  gastric  juice. 

Speeifie  gnvitrf 1-0010 

Watar -  07500 

Oiganie  nmtter  nnd  pepnn      .        .        .        .  =  lA-00 

FiMuid >=  4-78 

Sodium  chloride a  1-70 

PoUMio        „ -  108 

CUde           , ^  OSO 

_      Ammonic     „         ......  •>  0-4^6 

Oklde  phcNipUte -  1-18 

Mmtimwc    , =  006 

Fwrric         „ -  0-06 

Tliudichum  expresses*  the  composition  of  thb  juice 
IS  follows : — 

(1)  WatM- 00411 

(S)  Solid  and  [>efuianeuil7   fluid  ingTMdtMU,  otlior 

titan  wat«r C'39 

(8)  OootUDB  pepone 3-0 

Hydrochkric  odd 0-3 

Perhaps  a  little  lactJc  uid. 

Ohloridea  of  the  alkaliea. 

Pho«phat«a  of  ibe  eaxthi. 

'Ch.  Richct,  in  sumo  observations*  upon  digestion, 
^Bifide  through  the  agency  of  a  gastric  fistula,  points  out 

that  the  mean  acidity  of  die  gastric  juice,  whether  pure 
'or  niixed  with  food,  is  nearly  equivalent  to  TT  grm.  of 

hydrochloric  acid  per  1000  grms.  of  liquid.     The  highest 

»  Qmpl.  JIfHrf.  IxiTu.  135-138. 

*  Ralfe,  Pktftioicg^eat  Clu^mutty,  p.  138. 

*  Tliudicliam,  Ottnti'^  I'h^tt'ilogy,   p.  10. 

*  Comfi.  JErtii.  Ixxxtv.  4J>U,  4fi2. 
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acidity  observed  was  3''2  grius.,  and  tlie  lowest  0-b. 
appeara,  also,  according  to  this  autlior,  that  tho  acidity  \i 
not  influeuced  by  the  quantity  of  fluid  in  the  stomaclii 
but  is  ijivaniiLile,  or  almost  »o,  whether  the  stonui(;h  be 
empty  or  fuli.  The  acidity  is  increased  by  alcoholt< 
drinks,  but  diminished  by  cane-sugiir.  When  acid 
alkaline  liquids  arc  injected  into  the  stomach,  the  gastril 
juice  refissuines  its  normal  acidity  in  about  cue  hou 
The  gastric  juice  is  more  acid  during  digestion,  and  th^ 
acidify  increases  with  the  digestion.  M.  Ch.  Richet 
comes  also  to  the  conclusion  that  hunger  does  not  resul 
solely  from  emptiness  of  the  stomach. 

Before  going  furtlier,  it  should  be  stated  that  inaa^ 
much  as  the  juice  examined  has  been  mainly  obtaitu 
from  persons  snffering  from  fistulas,  or  from  dogs  up 
whom  fistulas  have  been  produced  by  certain  opcratiot 
it  is  diiRcuU  to  say  how  far  the  analyses  arc  to  be 
garded  as  representing  normal  giLstric  juice  or  morbi< 
juice.     These  studies,  however,  led  to  the  formation  of 
what  is  tei*nied  artificial  juicA,  and  most  of  tlie  proi>ertie8 
possessed  by  gastric  juice  have  been  ascertained  from  a 
study  of  ttiis  prepjiration.     We  shall  consider  this  mat 
further  presently.    I'or  the  moment,  we  may  view  gast 
juice  as  a  flidd  containing  dilute  hydroclilorio  acid,  and 
ferment  termed  pepsin. 

Function  of  Gastric  Juice. — Together,  these  sub- 
stances have  the  power  of  dissolving  otherwise  insolubt 
albuminous  substances,  such  as  white  of  egg,  fibril 
casein,  gristle,  gluten,  &c.,  thereby  yielding  thick  turbi 
solutions  of  what  are  called  peptones.  Connective  tis3U( 
are  not  so  readily  attacked  by  gaslric  juice,  and  futa 
not  appear  to  be  altered  by  contact  with  it. 
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B7  bring  renJeri.*il  Kuhihic,  llic  food  hencseforth 
becomes  uasiniilable  by  the  blood  system,  and  the  pro- 
duct, or  chyme  (a  solution  of  peptones  mixed  with 
salira  find  saccharino  matter  resultiug  from  the  actioa  of 
Miiira  u(>ou  starchy  matters)  is,  to  some  exleut,  absorbed 
by  imbibition  through  the  walla  of  numerous  delicate 
TiKls  which  couvey  it  from  the  stomach  to  the  blood, 
ID*]  thence  to  the  vena  porta:.  Tliis  absorption  ia  no 
Joubt  effected  by  a  process  of  dialysis.  Tliese  pe2>tone 
rolutions,  unlike  albumin  in  its  ordinary  forms,  easily 
liUIyse  lliroiigh  parchment  ]t!iper.  Part,  however,  of 
lite  chyme  escapes  through  the  pylorus  and  enters  the 
(loodenum,  where  a  distinct  kind  uf  digestive  process  is 
CWfied  on.  This  will  be  considered  in  another  chapter. 
Let  US  here  consider  more  fully  the  nature  of  the  con- 
Btilueuta  of  gastric  juice  and  their  functions. 

Nature  0/  Pepsin. — Pepsin  may  be  isolated  by  the 
fame  metliod  described  already  for  isolating  ptyaline, 
viz.,  by  its  adhesion  to  phosphate  of  lime  precipitated  m 

It  may  be  also  prepared  by  macerating  the  mncoua 
[membrane  of  the  stomach  of  a  recently  killed  luiimiil 
(rejecting  the  pylorus)  in  dilute  phosphoric  acid.  It  is 
in  this  way  dissolved,  and  the  solution,  on  jirccipltatiou 
with  lime  water,  yields  a  precipititc  from  which  the  pop- 
an  may  be  extracted  by  glycerine.  Another  method 
consists  in  the  rc-solutioti  of  the  phosphate  precipitate  iu 
very  dilute  hydi-ochloric  acid  and  addition  to  this  of  a 
k«alurated  solution  of  cholesterine,  consisting  of  1  part  ether 
and  4  of  alcohol.  This  latter  is  best  added  down  a  thistle 
funnel,  and  the  whole  mixture  well  agitated.  The  choles- 
terine   thus  separates,  and  as  it  rises  to  the  surface  it 
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attacliea  tlic  pepsiu  to  itself  m  a  mecbauical  mnnncrj 
The  cholesterinc  may  be  subsequently  removed  after  fil- 
tnition,  by  means  of  ether,  and  tolerably  pure  pepsin  ii 
thus  left  behind. 

Although  pepsin  is  a  ferment  evidently  of  albuminoi 
origin,  it  is  not  ordinarily  considered  as  a  form  of  albu-^ 
min,  and  mainly  because  it  does  not  yield  the  xanth( 
protein  reiu;tion  (see  Albumin)  with  nitric  acid.      In 
subsequent  place,   however,  it   will  be  shown  that 
possesses  undoubted  relations  to  albuminous  substances. 

PejMiiu  ia  not  itself  destroyed  during  digestion,  and-j 
thus  far  ita  functions  appear  to  belong  to  what  an 
termed  *  contact  actions ;  *  that  is  to  say,  it  is  able  to 
aolve  lai^e  quantities  of  soUds  into  a  soluble  form  in  th« 
presence  of  dilute  acids — more  [rarlicularly  at  40".  This 
action  is  well  exhibited  by  exposing  sonic  pieces 
coagulated  white  of  egg  to  a  faintly  acid  solution  of  pe| 
sin ;  they  are  speedily  and  entirely  dissolved.  Wlien,^ 
however,  the  liquor  is  saturated  witli  peptones  it  ceases 
to  act,  just  as  yeast  ceasea  to  cause  fermentation  o^H 
sucrose  solutions  when  the  percentage  of  alcohol  rises 
above  a  certain  extent.  Au  addition  of  arid  fluid  enables 
further  diguatton,  liowevcr,  to  take  place.  As  is  well 
known,  pepsin  occurs  now  in  various  commercial  forma^^ 
and  is  extracted  chiefly  from  pigs'  stomachs.  ^| 

Pepsin  may  be  obtained  in  the  fonn  of  a  greyish 
powder  by  precipitation ;  it  is  insoluble  in  alcohol  and 
ether,  but  very  soluble  in  dilute  acids  and  glycerine.  Its 
solutions  ai*e  pi-ecipitated  by  alcohol,  and  coagulated  by 
boiling;  once  boiled,  its  Holutions  lose  their  power  of 
digesting,  and  the  same  ability  is  destroyed  by  a  neutii 
eation  of  the  acid  eiolutions.     Aqueous  solutions  of  pepsin 
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are  precipitAled  by  corrosive  sublimate,  by  lead  salts,  and 
by  solutions  of  tannic  acid. 

The  Acid  of  Ga-^tric  Juice. — ^Tlie  nature  of  tli«  acid 
in  the  gastric  juic«  has  been  the  subject  of  much  dispute. 
Blondlot  maintained  tliat  it  consisted  of  pliosplictric  acid 
existing  as  acid  phosphate  of  calcium.  Others  have  re- 
garded the  acidity  of  gastric  juice  as  due  to  the  organic 
adds  contained  in  or  developed  from  the  food  by  means 
of  pepsin  and  ptyalin.  Yet  others  have  asaerted  the 
acidity  referable  to  the  presence  of  lactic  acid,  many 
iDTGStigators  having  again  and  again  detailed  the  means 
whereby  tliey  have  eslablislied  the  presence  of  tJiat  acid, 
»ntl  others  denjing  this  statement  on  experimental  data 
with  equal  enthusiasm.  The  matter  appears,  therefore, 
to  be  still  somewhat  unsettled  so  far  as  the  iionnal  occur- 
rence of  lactic  acid  in  gastric  juice  is  concerned.  This 
lactic  acid  has  been  supposed  by  some  to  be  formed  from 
carbohydrates  by  the  action  of  ferments. 

Lehmann  and  others  state  to  have  found  lactic  acid 
b  gastric  juice,  while  Schmidt  and  Maly  failed  in  their 
attempts  to  identify  it.  One  thing,  however,  has  gradu- 
ally become  matter  of  certainty,  that  the  main  acidity  of 
the  gastric  juifie  is  due  to  free  hydrochloric  acid. 

R  Maly'  has  recently  made  an  investigation  of  the 
jourcc  of  the  acid  of  the  gastric  juice,  the  details  of  which 
ire  not  without  interest,  confirming  as  they  do  in  a 
■ingtilftr  manner  the  hypothesis  first  advanced  by  Thu- 
dichum,  and  descnbcd  later  on.  Maly  wished  to  6nd 
out  whether  the  hydrochloric  acid  was  derived  from  the 
disaociation  of  neutral  chlorides  or  from  their  decompo- 

>  Axm.  a>ttR.,  elzxiit.  S27-^a 
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sition  by  lactic  acid  formed  from  carboiiydratos.     Fror 
a  numerous  scries  of  experimeata  upon  dogs,  he  arrived 
at  the  concluson  that  the  source  of  the  free  hydrochloric    . 
acid  is  to  he  sought  in  the  disstKialion  of  chlorides  wilh.-fl 
out  the  aid  of  an  acid  ;  and  further,  that  the  formation  of 
lactic  acid  from  carbohydrates  is  not  a  function  of  the 
liviag  membrane  of  tlie  stomach.     Incidentally,  .si.^veral^ 
important  facta  were  demon3ti'at4id  ;   first,  that  chlori  le^l 
of  sodium  distilled  >vith  lactic  acid  yielded  tracns  only  of 
hydnmhloric  acid  towards  the  end  of  the  operation  ;  an( 
secondly,  that  when  lactic  acid  was  allowed  to  diffuse  ti 
presence  of  ferrous,   sodium,   calcium   and   magnesium' 
chlorides,  free  hydrochloric  acid  was  produced. 

In  a  series  of  experiraesits  with  the  mucous  men 
branc  of  pig's  stomach,  he  found  that  at  40°  with  2  pei 
cent,  solutions  of  grape-sugar,  cane-sugar,  milk-sugar, 
and  dextrin,  lactic  acid  was  formed ;  but  he  views  thi^J 
result  as  due  to  the  presence  of  a  sperial  organised  body, 
and  not  a  soluble  chemical  ferment.  Interestiug  as  these 
experiments  are,  they  leave  a  margin  for  doubt,  but 
we  pass  on  to  consider  Thudichum'a  hypothecs  above 
alluded  to. 

The  Function  of  the  Acid. — Thudichum  '  assumes  that 
in  the  walls  of  the  stomach,  chloride  and  lactate  of 
sodium  arc  sjilit  up  into  the  free  acids  and  caustic  soda  ; 
in  this  way  the  decomposition  of  salt  would  be  repre- 
sented thus,  NaCl  +  HjO^NaHO+HCl.  Iltit  inasmuch 
as  we  never  meet  with  caustic  soda  in  the  animal  economi 
at  first  blush  the  above  idea  wonhl  appear  to  be  nej 
lived.    Thudichum,  however,  sui>poses  that  before  the' 
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soda  enters  tlie  blood  it  has  a  dialinct  function  to  per- 
form, and  that  is  the  protection  of  tlic  stomach  against 
,     the  corrosive  action  of  ita  own  excretion.     Under  certain 
B  abnormal  conditions  this  corrosive  action  really  obtains, 
^nd  gives   rise  to  gastric  ulcer  and  other  pathological 
procesoes.     In  the  blood  Thudichum  supposes  that  the 
caustic  soda  is  converted  into    carbonate,  and    p:i8sin-g 
through  the  gastric  veins  into  th«  portjil,  enters  the  liver. 
,     There  ila  function  is  completed,   but   ita  consideration 
■  fliutt  be  left  until  we  come  to  study  bile  and  its  influence 
upon  the  process  of  digestion. 

Gtneral  Characters  of  Chyme  and  Peptones. — As  above 
stated,  the  product  of  stomachic  digestion  is  chyme,  con- 
taining starch,  sugar»  fatj  and  peptones  (if  both  curbohy- 
tirates  and  animal  matters  have  been  eaten).  It  appears 
also  that  there  are  present  a  number  (five  or  more)  of 
albuminous  substances  more  or  less  closely  related  on  the 
one  hand  to  peptones,  strictly  speakhig,  and  on  the  other 
hand  to  una]tere<l  albumin.  It  is  probable  that  these  but 
represent  the  various  phases  presented  in  the  gnuhial 
change  of  ordinary  albumin  under  the  iulluenee  of 
hydrochloric  acid  and  [>epain. 

The  peptones,   curiously  enough,  mainly  agree   in 

encrnl  composition  with  the  original  matters  from  which 

sy  are  produced,  a  result  whicli  shows  that  the  change 

more  of  an  intermolecidar  nature  than  a  spUtting-up. 

Pqitone  solutions  are  not  coagulated  by  boiling,  but  are 

jredpitaled    by  absolute    alcoliol.      With    nitrate    and 

rite  of  mercury  they  give  Millon's  reaction  ;  optically. 

Hey  tnm  the  phinc  of  pohir!84ition  towards  the  left. 

The  Specijic  Nature  and  Acticmt  of  Pep.fin. — Licbig 
showed  many  years  ago  that  if  alburamous  maltei"8  were 
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80  exposed  to  air  and  moisture  as  to  undergo  partil 
putrufactioii,  even  if  to  a  very  slight  extent,  the  wbt 
would  liquify  and  become  a  diifusible  fluid  of  a  composi 
lion  nfrrceing  with  that  of  U»e  original  unchanged  matter. 
That  is  to  say,  in  the  change  of  a  minute  fraction  some 
sort  of  ferment  nr  ngent  is  generated  which  has  th( 
power  of  acting  upon  the  remaining  quantity  us  pepsu 
acts  on  albumin.  Moreover,  Ltebig  said  what  we 
pei>shi  is  but  a  part  of  a  mucous  membrane  which  in 
own  particular  composition  ia  identical  with  ihase  albu- 
minous principles  whose  properties  are  changed  by  con- 
tact with  it ;  in  fact,  said  he,  the  tendency  to  change 
inherent  in  the  living  tissue  is  commimicated  by  contact 
to  those  similar  but  non-living  matters  outside.  In  the 
present  duy  science  has  no  better  explanation  than  thja  to 
ofier.  ^M 

In   another  place  we  give  an  account  of  some  re^ 
searches  of  Alex.  Schmidt  and  of  Erlenmeyer,  which, 
taken  in  conjimction  with  ihe  work  of  SchUtzenbei^er, 
promise  to  throw  much  light  upon  the  general  nature  of 
chemical  ferments  in  the  human  body,  and  their  relati( 
to  that  form  of  matter  ordinarily  called  albumin. 

Abjiormal  Co7u<tituentn  fff  Gantric  Juice. — Very  little  is' 
known  rcgartiing  the  pathological  phases  of  gastric  juice. 
In  cases  of  gastric  catarrh  the  mucus  of  the  stomach  iip- 
pcars  to  accumulate  to  an  abnormal  extent,  and  to  induce 
processes  which  result  in  the  formation  of  acetic,  butyricjl 
and  lactic  acids,  thus  increasing  the  normal  acidity  of  the 
stomach.  In  urmmia,  or  after  extirpation  of  the  kidney 
urea  is  said  to  be  secreted  by  tlie  gastric  glands. 


CUAPTEE  VI. 


TRK  BILE;  PANCRRATIC,  INTKSrrNAI-,  A\D    SPLENETIC  JIHCKS; 
INTESTINAL   DIGESTION   AND   P-ECES. 

It  has  been  shown  in  the  last  chapter,  that  while  j'et 
in  the  stomach  a  certain  qiiaiitity  of  the  chyme  under- 
goes direct  absorption  into  the  blood  system.  Another 
part,  however,  passes  through  u  further  process  called 
duodenal  digestion,  where  bile  and  pancreatic  juice  play 
a  prominent  part.  Before  proceeding  to  the  study  of 
this  and  intestinal  digestion,  it  is  proposed  to  make  nur- 
lelves  acquainted  with  the  general  nature  and  properties 
of  these  fluids,  beginning  witli  the  bile.  jVmong  the 
functions  of  ilie  li%-er  the  most  important  is  its  seeretiou 
of  bile ;  it  has  other  functions,  whose  study,  however,  is 
best  postpoued  for  a  time. 

General  Characters  of  Bile. — Bile  is  one  of  the  most 
complicated  serretions  of  the  human  body,  mid  has  a 
important   chemistry.      It   accumulates   j>robably 

ilinuously,  but  is  expelled  during  digestion  from  the 
gall-bladder  wherein  it  is  stored,  and  a  furtlun'  quantity 
«cai>es  during  the  emptying  <jf  the  stomach.  As  taken 
from  the  gull-bladder,  it  often  receives  tlie  name  of  gall 
or  cystic  bile;  and  when  warm  smelts  like  musk.  It 
ooRstatutCM  a  viscid  liquid  of  a  ye llowLth- green  <-olour,  but 
which  becomes  strongly  yellow  on  dilution ;  it  is  heavier 
than  wuter  (sp.  gr.  1*02),  and  owes  its  viscidity  to  the 
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presence  of  a  quantity  of  mucus  derived  from  the 
bladder.  Until  this  raucxis  be  removed,  bile  exliiljits 
tendcDcy  to  undergo  putrefactive  change,  but  if  the 
muciis  be  removed  by  dihitiou,  addition  of  a<x'tic  acid 
(thereby  producing  coagulation),  and  filtration,  it  is  readily 
preserved.  Human  bile  has  been  studied,  but  not  so 
intimately  as  ox  bile,  the  former  being  obtained  only 
from  fistulous  openings,  whereas  there  is  no  difiicully 
in  obtaining  tbat  from  the  os ;  this  is  of  a  green  colour. 

The  fuUuwing  analysis  given  by  Berzeliiia  *  is  uaefid 
as  repreaeutiug,  in  a  general  way  only,  the  composition  of 
ox-bile. 

■ft'ftlHr 00*44 

Bilinry  and  &tt/  budli^a. 800 

Mucus 0-30 

Wbtory  extract,  clilori<Ies,  plioapLAtes,  aud  Uetaiea     .  U'48 

Stfdt 0-41 

The  composition  presented  by  the  bile  of  various 
animals  has  been  shown  by  Strecker*  to  differ  only  tn 
the  varying  proportions  in  wliich  two  of  Jta  constituents 
(taurocholic  and  glycocholic  acids)  exist  therein.  Thus 
lie  has  stiited  that  the  bile  of  the  dog  is  ahnost  free 
from  the  sodium  salt  of  glycocholic  acid,  without  n^rd 
to  the  nature  of  the  fiHtd ;  wlule  the  bile  of  tJie  sheep,  and 
that  of  the  goose  (Marsson),  contains  chiefly  taurocholate 
of  sodium  also.  The  bile  of  the  pig  is  characterised  by 
hyochtJio  acid. 

Somewhat  different  estimates  have  Ijeen  given  of  the 
amount  of  bile  secreted  in  thu  human  body,  one  fixhig  it 
at  1200  gruis.  per  day,  while  others  give  varying  quan- 

'  xniWs  cf,m{»fr>,.  rwt  iii.  [ihter]  p.  ft«t. 

*  Amn.  dt  Oifm.  vitrf  I^trm.,  Bd.  70,  S.  140-]^ 
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lilies  from  about  30  to  800  j^rms.  per  24  hour?.  Bile 
appears  to  be  mcist  actively  secreted  ehnrtly  after  etiling, 
wlicn  the  solids  constitute  about  5  per  cent. ;  these  in- 
crease up  to  about  10]>er  cent.,  and  then  decrease  again 
to  a  per  cent,  during  faatbig.  The  qujintity  secreted  by 
eidi  animal  seems  to  be  jjecidiur,  and  not  to  bear  tiny 
definite  relation  eillier  to  the  body  weig'ht,  or,  as  Thu- 
tlichum  suf/gest*,  to  the  size  and  weight  of  the  Hver,  but 
rather  to  the  size  and  wci«ht  of  the  liver  iu  relation  to 
the  weight  of  the  blood,  since,  as  we  shall  hereafter  sec, 
it  is  from  this  fluid  that  the  liver  elaborates  the  bile. 

It  is  a  curious  fact  that  moat  of  the  salts  found  iu  the 
,bile  of  salt-water  fishes  have  potassium  as  their  base, 
[while  the  bile  of  fresh-water  fishes  contains  chiefly  sodium 
Inlcs. 

Most  of  the  hterature  rehiting  to  the  chemistry  of  the 
bile  is  witliout  value ;  Strccker's  researches  stand  out, 
however,  ft>>m  the  others  before  and  since  iu  a  remarlt- 
abfe  manner,  and  it  is  to  his  work  that  we  owe  most 
of  our  knowledge  regarding  its  coniirasilioti.  Bile,  then, 
ooiituins  tnurocholate  and  glycocholate  of  sodium  (resi- 
noid  salts),  and  a  number  of  coSouring  matters,  the  chief 
of  which  are  bilii-ubin  and  bilifiisciue ;  a  third  colouring 
piindple  is  termed  biliiirnsiue.  Bile  also  contains  Icri- 
thine,  choline,  and  cholcsterine,  but  '\s  free  from  albumin. 
Ox  bile  is  also  said  to  contain  a  small  amount  of  fitearic, 
oleic,  and  lactic  acids,  iu  combination  with  potassium  and 
ammonium.  As  bilirulun  occurs  in  bile,  it  appears  to 
esst  as  lime  salt,  the  brown  ifranules  of  which  may  oftea 
be  observed  while  examining  bile  mi<Toacopiciilly.  Phas- 
phates  of  sodium,  calcium,  and  iron,  sodic  chloride  and 
traces  of  copper,  are  also  containetl  in  bile. 

f3 
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O.  Jacobaen,*  in  an  analysis  of  the  nsh  of  bile  t 
from  an  abscess,  fouud  the   fuUowiug  qimiititiea  in  lOU^ 
partfl  uf  dog  bile — 

KOI 1-279 

NaCI 24-508 

Na,CO, 4180 

Nft,PO, 6084 

Oft.(lXJJ, 1-372 

C.  G.  Lehmann'  claims  to  have  demonstratccl  tlie 
presence  of  preformed  alkaline  carbonates  in  ox  bile. 
Thus  in  one  experiment  he  found  00046  jier  cent.»  and 
in  a  second  0*1124  per  cent.,  normal  sodic  carbonate. 
This  fact  has  a  very  important  bearing  upon  our  views 
of  the  great  process  of  digestion,  and  is  particularly  in- 
structive when  viewed  in  connection  with  Thudiclium'a 
hypothesis  regarding  gastric  digestion.  jfl 

Biliary  coucretions,  when  they  occur  in  man,  consist 
of  cholesteriue,  colouring  matters,  earthy  salts,  and  other 
principles  not  so  well  asccrttiineJ.     Corresponding  co^ 
cretious  are  liable  to  occur  also  iu  other  auinmls. 

THE   PANCREAS  AND  nfE   PANCREATIC  JmOE. 

The  pancreas  is  constructed  in  the  main  of  albu* 
minous  substances,  but  it  contains  also  a  considerable 
quantity  of  leucine,  xanthine,  hyposanthine,  and  guanine. 
The  ferments,  to  which  further  allusion  will  be  made 
under  pancreatic  juice,  may  be  extracted  from  it  by  suit- 
able means.  ^ 

The  function  of  its  secretion  is  entirely  confined  t^^ 
the  digestive  processes.   Its  nature  has  been  studied 


'  DaU,  Oitm.  Qes.  Ser ,  \l  1020- lOMt. 
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ik' juice  ob(ain(Ml  from  tomponiry  or  pcTmnnent  fistulas, 
while  the  properties  of  the  fenneuls  contained  iii  it  have 
been  ascertained  by  isoluting  them  iu  an  impure  forni 
from  the  pancreas  itself. 

General  Cfutracten  of  Pana'eatic  Juice. — Pancreatic 
JQJce  is  a  more  or  less  tough,  viscid  secretion  of  alkaliuc 
reaction,  and  having  a  specific  gravity  of  from  1-008  to 
I'OOi),  or  somewhat  greater.  It  contains  from  10  to  11 
I>er  cent,  of  solids,  and  ia  peculiarly  liable  to  putrefactive 
diange  after  removal  from  the  body.  According  to  Ralfe's 
'Physiological  Chemistry,'  ita  composition  is  as  follows : — 

"ft'mler        .        . POOTfl 

Orj^anic  matter 0028 

Sodiiun  chloride 7-M 

Fra<  idkAli 0.-12 

Sodiuio  pbnopiiste       .......  lt-46 

„      0ulpbat« U-IU 

Polaseium    „             0-02 

CtMnbinntioDS  of  liiDO O'^f 

„            iiuigne«iuin 0tl6 

„            iioo 002 

The  organic  matter  of  pancreatic  juice  contains 
Boluble  albumin  and  alkali-albuminate,  ferment  mat- 
titre,  and  often  snndl  quantities  of  fat,  leucine,  tyrosin, 
butyric  acid,  &c. 

According  to  Graclin  and  Tiedemann,  it  sometimes 
contains  as  much  as  4  per  cent,  .soluble  albumin,  and  it  is 
not  unlikely  that  this  exuts  as  an  intermediate  formation 
to  be  afterwards  elaborated  into  ferment  matters,  or 
which  has  resulted  from  the  action  of  tlie  ferments  upon 
fibrin.  Kuhnc  states  tliat  the  prolonged  action  of  pan* 
creaiic  ferments  upon  peptones  leads  to  the  formation  of 
leucine  and  tyrosin  ;  and,  as  wc  shall  see  in  a  fuiure 
chapter,  these  bodies  are  known  to  result  from  a  certain 
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decomposition  of  albumin.    Basil  Kistinkowsky^  has  ala 

observet]  thai  by  the  action  of  pancreatic  juice  on  fibrin, 
leucine,  tjTosin,  and  glutamic  acid  result.     S.  Kadzio- 
jewski  and  E.   Salskowski,^  in   the  same  process,  have 
itbservet],  moreover,  the  production  of  aspai  lie  acid  (^iz.  J 
by  digestion  of  fibrino  at  40-50"). 

Although  from  time  to  time  statements  have  been 
made  relative  to  the  isolation  of  the  pancreatic  ferments, 
yet  so  far  ne  can  bo  judgal,  they  have  never  been  isolated 
as  chemical  individuals,  but  always  in  a  fonn  associated 
more  or  less  with  foreign  matters.  Some  writers  speak 
of  the  existence  of  three  ferments  in  pancreatic  juice,  and 
Danilewsky  has  a(finned  that  he  has  separated  two  of 
these. 

Such  preparations  ore  obtained  by  various  methods, 
the  best  of  which  is  that  recommended  by  Wittich,  which 
consists  in  reducing  the  jMincreius  of  the  ox  to  a  mince- 
meat, hardening  by  standing  in  alcohol  for  24  hours, 
and  extraction  by  glycerine.  From  the  filtered  extract, 
alcohol  precipitates  the  fcrment>mattcr.  In  a  more  im- 
l)ure  fonn  it  may  be  isolated  ako  by  rubbing  down  ox 
IMiucreas  with  sand  or  broken  glass,  extraction  with 
water,  and  precipitation  of  the  extract  with  aleohol. 

Of  the  amount  of  pjincreatic  juice  secreted,  many 
various  estimates  have  been  made,  but  little  reliance 
can  be  placed  upon  them,  since  the  observations  have 
been  eflbctcd  under  more  or  less  deranged  physiologi- 
cal conditions.  From  certain  experiments  upon  dogs, 
Bidder  and  Schmidt  have  cidculatcd  that  an  adult  man, 
weighing  10  stone,  secretes  160  grammes  in  24  hours. 

'  rflii|ier'«  Arrhiv-fur  PJfjff'olof/i-,  ix.  449-450. 
*  JJeut.  Chmi.  Gtt.  Ber.,  \ii.  1O0O-1O6I, 
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According  to  Frerichs,  it  ia   only  secreted  during  di- 
gestion. 

The  pancreatic  juice  appears  to  exercise  a  number  of 
fimctions,  whioli  may  be  expressed  as  follows: — 

(a)  The  completion  of  the  solution  of  imperfectly 
digested  matters  issuing  with  the  chyme  from  the 
etomnch ;  so-called  albuminoids  being  converted  into 
albuminones,  or  substances  soluble  in  alcohol  and  not 
coagulable  by  heat. 

(b)  The  emulging  of  neutral  fats.  Pancreatic  juice 
makes  perfect  emulsions  when  agitated  with  neutral  oiU, 
and  it  was  ch'.efly  upon  observations  of  this  kind,  backed 
up  by  certain  physiological  experiments,  that  Bernard 
came  to  the  conclusion  tlint  one  of  the  chief  functions  of 
pancreatic  juice  is  to  aid  in  tbe  assimilation  of  fatty 
substauces.  Bidder  and  Schmidt  and  others,  Iiowever, 
in  more  recent  experiments,  gave  uo  support  to  tliese 

r  views. 

r  The  emulsion  of  neutral  fat  transforms  it  into  such  a 
fine  slate  of  subdivision  that  it  con  pass  through  the 
pores  of  the  mucous  membranes  into  the  chyle  ducts. 

b  (c)  Pancrealic  juice  is  further  supposed  to  have  tlio 
power  of  splitting  up  neutral  fats  into  free  fatty  acids 
and  glycerine,  and  it  appears  certain  that  among  other 
products  of  the  derompesition  of  fatty  matters,  butjric 
acid  has  been  well  recognised. 

(d)  It  has  also  the  pro^wrty,  in  an  intense  degree,  of 
converting  starch  into  sugar,  thus  completing?  imy  change 
of  this  kind  lliat  may  liave  been  left  unfinished  by  the 
inliva  in  the  mouth  and  stomach. 

One  of  the  fi:w  attempts  that  have  been  made 
to  obtain   precise   chemical   information  regarding  the 
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changes  undergone  by  tilbuminoid  under  the  influencf 
of  paoicreatic  fcnueuts,  ia  by  Basil  Kistiakowsky  (see  hu 
piiper  above  referriKl  ttt).  He  obtained  i)aucreatic  fep-i 
meut  matter  by  Wittich's  process,  and  then  invc3tigntccl| 
its  action  upon  fibrin  (from  ox  blood)  by  digesting  the] 
latter  in  an  aqueous  solution  of  the;  ferment  during 
iiumlwr  of  hours.  The  original  fibrin  waa  not  jmre^l 
yielding  0625  per  cent,  ash,  and  on  analysis  it  yielded 
numbers  approximating  to  the  formula  C,((,Hb«N"37S  0^. 
The  peptone  produced  In  the  experiments  described  was 
also  impure,  yielding  I'lSG  per  cent,  ash,  and  on  analysis 
it  gave  the  composition  CujU?isNjt,S  0«a.  Although  these 
uumbere  and  fonnulas  can  only  be  regarded  as  approxi-  _ 
niately  correct,  yet  this  fact  comes  out,  that  the  peptone^ 
contains  less  carbon  and  more  oxygen  than  the  original 
fibriix — a  fact  whicli  may  be  related  to  the  production  of 
tyrosin,  leucine,  and  similar  bodies.  M 

A  failure  in  the  supply  of  pancreatic  juice  has  becn^ 
viewed  as  the  acting  cause  of  certain  diseases  in  which 
undigested  lumps  of  fat  are  stated   to  yt&sa  out  with 
the  fseces.     In  hentery,  also,  the  pancreas  appears  to  be 
affected. 


LNTESTINAL  JUIL'E. 
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General  Character   of   Intestinal  Juice But  very 

little  is  known  either  of  the  constitution  or  the  functions 
of  intestinal  juice,  although  there  can  be  small  doubt 
that  its  influence  upon  the  great  process  of  digestion  is 
by  no  means  unimportant.  ^ 

From  Frerichs's  researches    it    would   appear   tlial^ 
Feyer's  glands  contribute  but  slightly  to  the  formatioi 
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of  iiiU:;stbal  juice,  while  on  the  other  hautl,  Brumier's 

glands  and  iJebcrkiihn's  follicles  are  chiefly  instnimcutal 

io  its  secretion. 

From  what  is  known  (ttiid  that  is  next  to  nothing), 

it  would  seem  that  iu  chemical  composition  the  fluids 
,secreU?d  in  the  aninll  and  hirgc  intestines  are  identical. 
'According  to  the  researches  of  Lehniann,  ]iiddcr  and 
Schmidt,  and  Frerichs,  intestinal  juice   is   a  yellowish 

Iviacid,  transparent,  alkaline  secretion,  whicli  coaguktes 
on  treatment  with  clilorides  and  sulphates  of  the  idkalies. 

It  has  a  specific  gravity  of  about  101,  and  contains  from 

2  lo  2'.'»  [ler  cunt,  solids,  part,  nf  wliiirh  is  of  u  fatty 

nature. 
I       While  Thierry  and  Frerichs  have  not  succeeded  in 
Bestablishing  the  fact  of  any  important  change  of  food 

through  the  influence  of  intestinal  juice,  Bidder  and 
K  Schmidt  concluded  that  it  behaves  very  much  in  the 
^Hilne  manner  as  dues  pamTeiitic  julee.  Tlie^e  lastHmmed 
PBDBer%'t?rB  calculateil  (on  gruuruls  not  suiricienlly  precise 

or  reliable,  however,  for  absolute  acceptance)  that  an 

adult  man,  weighing  10  atone,  secretes  about  300  gnna. 

ofiiiLestimd  juice  in  twenty-four  hours.  Intestinal  juice 
H  would  seem  to  combine  in  ttswlf  to  some  extent  the 
"powers  both  of    the  gastric  and  pancreatic  fluids,  for 

while  bile  and  pancreatic  juice  interfere  with  the  diges- 
Ption  of  albuminous  matters  by  {lastric  juice,  such  is  not 

the  case  when  albuminoids  arc  in  process  of  digestion  by 

means  of  Intetstinal  juice. 
K       It  is  in  the  Bumll  intestine,  apparently,  that  certain 
■  diseased  processes  have  their  origin,  sueh,  for  jnatiince,  as 

cholera,  typhus,  and  typhoid  fever,  dec 
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THR    SPLKEK  AXD   ITS   JUICE. 

From  a  histological  invealigation  of  the  spleen,  Ktilli- 
ker  advanced  tlie  opitiion  that  this  organ  was  the  seat 
the  sulutiou  siitd  complete  disinte^ation  of  the  l)l«ol 
corpuscles,  wliilu  it  Imd  been  previously  held  that  this 
orgnn  wna  the  seat  of  their  formation.  The  opinion  of 
Kolliker  derived  some  support  from  a  further  study  made 
by  Eeker,  but  metre  especially  from  the  researches  of 
Scherer.  This  latter  observer  found  in  the  splenic  juice 
many  characteristic  decomposition  products  of  the  albu- 
raiuous  aud  other  nitrogenous  matters  said  to  include 
the  blood  pigment  itself.  It  was  hence  conjectured  that 
the  spleen  accomplishes  the  destruction  of  those  cor- 
puscles which  are  no  longer  able  to  carry  out  their 
original  functions.  Among  other  acida  of  the  same  scries, 
Scherer  dett't-ted  formic  acid  in  the  splenic  juice,  and 
also  in  leucaemic  blood.  It  cannot,  however,  be  said 
even  now  that  we  are  propurl}-  acquainted  with  the  func- 
liouB  of  the  spleen,  although  later  researches  make  it 
more  probable  that  it  is  connected  ratlier  with  the  con- 
struction of  certain  constituents  of  the  blood  and  with 
the  processes  of  digestion. 

According  to  TInidichum '  the  spleen  contains  much 
blood,  and  hence  it  is  difficidt  to  procure  its  own  juice  in 
an  unmixed  state.  The  fresh  spleen  .shows  an  alkaline 
reaction,  but  this  becomes  acid  on  standing.  A  water 
extract  of  the  spleen  contjuns  hajmatocrystaUme,  albumi- 
nous matters,  cholesterine,  hypoxanthinc,  xanthine,  and 
uric,  lactic,  succinic,  formic,  acetic,  and  butyric  acids, 
leucin,  and  inositc. 
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Professor  Schiff  Iios  recently  pnblislied  an  imporUnt 
jiaper  ^  upoD  the  fuLCtioDS  of  the  spleen,  in  which  he 
sliows  that  extirniUioD  of  this  orgiiii  has  no  dumblc  in- 
ducQce  on  the  absolute  or  relative  qxiantity  of  the  white 
or  red  corjjuscles  of  the  blood.  During  stomachic  di- 
gestion the  spleen  jireparea  the  ferment  whicli,  entering 
with  the  MockI  into  the  tissue  of  tljc  pancreas,  tmnsforina 
in  this  gland  an  albuminoid  substance  iuto  pancreato- 
pepedn  or  trj(»sin,  or,  in  oilier  words,  into  a  subsUince 
capable  of  digesting  albuminous  foods.  After  removal 
of  the  spleen  the  pHncreatic  juice  loses  its  digestive  in* 
llncnce  upon  such  special  substances,  but  otherwise  re* 
taiua  ita  digestive  proi)ertles.  Although  it  is  therefore 
CTideut  frain  S'liilTs  and  other  rcsciirrhcs  tluit  the  spleen 
is  actively  employed  in  Hfe,  it  yet  appears  that  animaU 
from  which  it  has  been  removed  by  operation  coutiuue  to 
live  without  any  great  disturbance. 

Tluidichum  points  out  tlmt  in  loucocythaimia  the 
spleen  is  fi^jquently  large,  an<!  weighs  from  nine  to  tea 
jwunds;  when  in  that  disease  it  is  small,  thu  lyinpliatic 
glands  are  jUways  enlarged.  Among  diseases  which  aflect 
the  spleen  one  is  particularly  remarkable,  namely,  waxy 
or  so-called  amyloid  degeneration.  In  such  cases  the 
spleen  is  indigestible  in  iirtlficial  gastric  jni(x>,  and  Ls  not 
prone  to  change.  Thudichum  objects  to  the  term  '  amy- 
loid' degeneration  because  the  spleen  in  such  disease 
gives  no  ^ugar  on  boiling  with  dilute  sulphuric  ncld, 
whicIi  it  would  do  if  it  contained  any  amyloid  (stai'ch- 
-  like]  principle. 

3i.  O.  Fouchet,  in  a  recent  communication  to  the 
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Society  tie  Biologic,  has  sliown  tliat  iu  certaiu  Selacliiai 
fishes  the  element  of  the  spleuic  parenchyma  are  uuilis- 
tinguishable  from  certain  corpuscular  elements  contained 
ill  the  blood,  and  hence  he  conjectures,  in  opposition  to 
some  views  ahove  stated,  that  the  spleen  is  concerned  ii 
the  genesis  of  tlie  blood  corpuscles.  That  the  corpuscuh 
clemiMiIa  in  the  blootl  of  the  fishes  alluded  lo  ultimiitel] 
become  transformed  into  red  corpuscles  appeara  beyond 
donbt,  but  M.  G.  Pouchet  does  not  seem  to  have  estab-^ 
lished  tills  to  be  true  of  the  splenic  elements  resembhn^J 
them. 

INTKSTIXAL   DIGESTION. 

After  the  completion  of  gastric  digestion  which  liaa 
been  already  described,  tlie  cliyrae  passes  by  way  of  th( 
pylorus  into  the  duodenum,  and  here  the  bile  and  pan- 
creatic juice  come  into  play;  ihcy  flow  through  a  com-iM 
mon  aperture,  and  convert  chyme  into  chyle.     We  have 
seen  (in  tlie  chapter  on  gastric  digestion)  that  tlie  soda 
set  free  by  the  action  of  tiie  stomach  walls  upon  sodic 
chloride  ultimately  reaches  the  liver  and  combines  withfl 
carbonic  and  certain  biliary  acids,  forming  sodium  saluH 
therewith.     Now  the  first  action  of  the  bile,  as  it  mixes 
with  the  chyme,  consists  in  the  decomposition  of  these 
same  sodium  salts  by  the  free  acid  of  the  gastric  juice, 
and  this  Is  attended  consequently  with  the  forraation|. 
but  not  the  precipitation,  of  free  biliary  acids.  ^^ 

Although  Marcet  held  thai  the  neutral  fats  are  split 
up  into  free  fatty  acid  and  glycerine  while  yet  in  the 
stomncli,  no  adequate  evidence  of  such  a  clmuge  is  forth- 
coming. Indeed  we  may  view  the  action  of  bile  and 
panel eatic  juice  (both  of  which  are  ulkaUue)  to  be  one  of 
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Bapouificatiou,  the  chyme  nsfluming,  after  admixture  with 
juices,  the  form  of  an  eimilsion.  In  this  way  tlie 
kt  is  rendered  absorbable  by  being  enabled  to  pass 
through  the  fine  pores  of  the  mucous  membranes,  ulti- 
mately reaching  the  blood  system. 

While  treating  of  this  subject  it  is  convenient  to  draw 
attention  to  the  power  of  ordinary  phosphiite  of  sodium 
to  emulsify  certain  fatty  acids,  and  it  is  to  the  presence  of 
this  substance  in  bile  that  Tliudichuni  (see  his  '  Chemical 
Physiology')  attributes  its  property  of  emulsificntion. 

In  the  duodenum  the  bile  also  causes  a  precipitation 
of  peptones,  and  these  being  passed  down  the  intestines 
■with  biliary  acids  and  colouring  matters,  are  altered  and 
absorbed  by  tlie  digestive  influence  of  intestinal  juice. 

It  is  supposed  that  in  the  intestines  the  biliary  acids 
^lit  up,  yieldiug  tauriue  and  glycoclu,  ■whicli  return  into 
ihe  circulation,  but  the  choUc  acid  (llieir  complementary 
product)  disappears  for  the  most  part.  It  is  true  a  cer- 
tain part  of  it  occurs  in  the  faeces,  but  this  by  no  means 
arcounta  for  the  whole  quantity,  and  it  ia  not  iraprcbable 
that  a  large  proportion  of  it  is  likewise  absorbed  into  the 
^9tem. 

The  pancreatic  and  intestinal  juices  also  complete  the 
transformation  of  the  starchy  matters  prc-sent  in  rhjTne 
bio  glucose,  and  so,  in  one  way  or  the  other,  the  ftwd 
introduced  into  the  alimentary  canal  is  rendered  soluble 
and  absorbable  so  far  as  this  is  ])os^ibIe. 

The  destiny  of  the  biliary  colouring  matters  is  un- 
known, beyond  the  observation  which  has  been  made, 
that  they  are  profoimdly  changed. 

By  means  of  the  peristaltic  contractions,  the  cliyle  ia 
thrust  along  the  small  blestine,  and  the  vessels  of  the 
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villi  absorb  the  dissolved  matter,  and  admit  of  the  [ 
sage  of  the  imnutely  divided  particles  of  fatty  matter.  At 
the  same  time  much  of  the  chyle  enters  the  lacteala,  and 
only  reaches  the  blood  system  after  travelling  along  the 
iiieseiiteric  lymphatics  and  the  thoradc  duct.  ^M 

Passing  through  the  iico-csccal  vatve,  the  digested 
matters  ecter  the  cascum  and  the  large  intestine,  and 
by  this  time  they  conatitiite  a  more  consistent  mass, 
owing  to  the  removal  of  sohible  aiid  Uquid  matters. 
What  remains  is  the  insoluble  residue  of  the  food,  and 
changed  principles  which  have  been,  of  influence  in  ite 
digfstinn.  ^ 

It  is  in  the  large  intestine  that  the  excrement  it!  ou  a" 
mattera  assume  an  acid  reaction  and  peculiar  odour,  both 
of  which  features  become  more  marked  as  they  approach 
the  rectum.  It  has  been  supposed  that  the  acid  reaction 
alluded  to  is  owing  to  processes  of  fermentation  arising  in 
starchy  matti^r  wliich  lins  esraped  couversiou  into  glucose, 
but  iht!  grounds  on  which  this  statement  rests  are  farj 
from  satisfactory. 


THE    P,fiCES. 

General  Description  of  Fwces. — Fieces  represents 
undigested  and  altere<l  portions  of  the  fond  which  have 
refused  absoi"ption ;  lis  quantity  and  composition  tliere- 
foi*e  neriissiirily  vary  with  tlie  nature  and  amount  of  the 
food.  It  contains  certain  changed  protlucts  derived  from 
biliary  matters  and  the  juices  involved  in  digestion.  | 

The  ficccs  often  have  an  acid  reaction,  whicli  has 
been  asiTibcid  to  tlie  presence  of  lactic  and  butyric  acids; 
though  more  often  they  arc  quite  neutral  and  sometimes 
alkaline;  as  for  the  colour,  tins  depends  largely  up( 
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itnre  of  the  diet,  b  flesh  diet  iinpaTting  a  dark  colour, 

ifliilc  much  milk  causes  them  to  be  yellow.     This  Inst 

:  fuel  is   pn>l»ably   coimecttKl    with    tlie    observation    of 

Thudichum,  that  the  feces  of  children  at  the   breast 

contain  a  yellow  mnttor,  soluble  in  alcohol,  and  cxhibit- 

icg  au  absorption  band  in  its  spectrum  at  the  beginning 

of  blue.      Thiidichiim    numea   this   unknown    substance 

'  intestino-luteuie.'    The  faeces  are  more  solid,  and  of  a 

piUer  colour,  when  a  bread  diet  is  more  resorted  to. 

Many  chemical   reagents   taken   as  medicines  have  an 

influence  upon  the  colour  of  the  fseces ;  thu.s  it  is  well 

^knowD  that  iron  pre]5aratious  give  a  black  foloiir  to  the 

while  mercuriiil  ones  lend  a  green  colour. 

Composition  of  Faces. — Beyond  the  normal    consti- 

[tuents  of  fiEoea,  many  extraordinary  ones  arc  liable  to 

be  found  present,  and  depend  also  upon  the  nature  of  the 

food,  &C.     In  illustration  of  this  it  may  be  stated  that,  in 

coDJuuction  with  Paul,  the  author  has  recently  shown,' 

L  thai  when  the  diet  includes  preserved  peas  contfliuing 

H  copper,  this  substance  is  excreted  for  the  most  part  in  the 

H  feces.    The  copper  exis\s  in    the  form  of  an  insoluble 

combination  with  ihe  substance  of  the  peas  (albumin), 

aod  to  a  great  extent  resists  digestion. 

E.  Vogt^  found  weiyhable  quantities  of  morphine  in 
the  Adccs  <if  a  man  who  hud  taken  lar^e  i|uantilics  over 
I     «  period  of  some  years. 

I  Unchanged  bile  is  never  met  with  in  feoes,  and 

Schmidt  has  shown  that  one  half  of  the  bile  effused  into 
the  iulcrftirml  canal  is  decom])osed  before  it  reaches  llie 
tniddle  of  even  tlie  small  inrcstinc.     Scvcrul  products, 
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Iiowever,  derived  from  bile  are  to  bo  found  in  the  faict 
as  will  be  hereafter  shown.     Mecotiium,  or  the  mat 
found  in  the  intestinal  canal  at  birth,  consists  for  tl 
most  part  of  biliary  matters.     Here  it  should  be  atal 
that  Pettcnkofer'a  test  for  bile  is  by  no  means  reliabli 
and  the  e.\i»liination  of  this  is  giveu  in  a  special  chuplerJ] 

At  times  certain  matters  are  recognised  to  be  preset 
ill  feces  which  admit  of  digestion  and  assiniilatiou ; 
therefore,  when  these  occur  ihey  must  be  regardal  not 
OS  excrementitioits  matters  iu  the  proper  sense  of  the 
terra,  but  as  materials  which  have  escaped,  from  some 
extraordinary  circumstances,  the  action  of  the  stomachic 
and  the  various  digestive  iufluences.  Suc^h  a  slute 
things  often  indicates  conditions  of  disease. 

As  regards  the  odour  of  fajces,  it  in  no  way  indicate 
any  process  of  a  putrefactive  kind,  but  is  merely  a  pi 
pcrt.y  of  cortnin  matters  which  are  present,  and  whicl 
may  otherwise  be  produced,  as,  for  instance,  by  tl 
action  of  alkalies    (when   fused)   upon  such    bodies 
casein,  gelatin,  and  fibrin  (Lieljig).     When  out  of  the 
body,  however,  Liebig  has  shown  that  fteces  are  liable  to 
putrefactive  change,  and  have  then  the  power  to  cora- 
muuicate  a  state  of  fermentation  to  other  substauceaS 
such  as  sugar  solutions.  ^ 

The  amount  of  water  present  in  faeces  is  not  a  fixed 
quantity,  but  averages  about  73  to  75  per  cent.;  it  also 
coutaius  about  26  per  cent,  matter,  dry  at  100*C.,  but 
this  is  the  average  of  quantities  ranging  from  17  to  31 
per  cent.  Ffficea  contains  but  little  nitrogen ;  Dr,  Edward 
Smith  has  stated  that  on  the  average  the  daily  elimination 
of  nitrogen  by  the  bowels  amounts  to  about  3  grms. 

Ijcbig  calculates  tliat  a  healthy  adult  excretes  aboi 
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^  Gimces  of  feces  in  twenty-four  hours,  but  it  is  a  vary- 
h%  quantity,  And  aa  often  mnounts  to  7  or  8  ouiice.s. 

Mucus  is  present  to  the  extent  of  a  few  per  cents., 
rail  it  is  by  no  means  improbable  thnt  the  liability  of 
feces  10  putrefaction  exhibited  after  removal  fix)ra  the 
body  resides  in  this  substance,  which  is  known  to  be 
remarkably  prone  to  such  decuinposition. 

Fwces  generally  contains  but  small  quantities  of  salts, 
cocisistiiig  of  phoephntcs  of  calcium,  magnesium,  sodium, 
tnd  potassium ;  traces  of  iron  arc  also  present,  and  some- 
times cnp-stiiU  of  the  ammonin-pho«phatc  of  magnesium. 
Chlorine  and  sulphuric  acid  occur  only  in  traces. 

Small  quantities  of  albumin  in  a  soluble  form,  and 
fets  are  also  often  met  with,  as  well  aa  glucose.  This 
HSist-numcd  substance  is  suppc»«ed  to  result  from  the  action 
"of  pancreatic  juice  upon  starchy  matter  iu  the  intestine. 
Among  the  altert"!  biliary  matters  excreted  in  the  fsecea 
there  occur  dyslysin,  chnliilic  acid,  choloidinic  arid, 
taunn,  and  other  perfectly  undefinable  substances  chiefly 
derived  from  the  biliary  colouring  matters.  The  undi- 
gested matters  present  in  fasces  include  fat  of  a  waxy 
and  partly  unknown  nature,  starch  granules,  cellular  and 
musculur  fibres,  cellulose,  particles  of  bone,  &c.,  &g. 

Gasvs  ore  often  occluded  in  the  intestine,  atid  more 
fispodally  in  cases  of  imperft'ct  digestion ;  they  consist  for 
the  most  part  of  carbonic  anhydride,  with  variable 
quantilics  of  marsh  gas  (CB^)  and  hydrosulphuric  acid 
{H,S).  These  symptoma  are  often  jiainfully  increased  in 
duoasc  ;  thus,  in  tyi>hus  fever,  Ihc  slomai;h  is  ofUm  found 
distended  with  gas. 

8omc  years  ago  Miircet  submittcil  faeces  to  an  eUbo- 
nte  inveitigation  which  was  attended  by  a  number  of  in- 
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lerestiDg  results,  the  cliief  of  which  was  the  ditwiovery 
a  new  organic  substance  of  an  alkaline  reaction, 
■which  he  named  excretin.  It  is  very  soluble  in  elh( 
but  sparingly  soluble  in  cold  alcohol ;  insoluble  in  wat 
and  crystallising  in  ncicular  forms.  It  fuses  hc1we< 
S5°  and  96°  C,  and  burns  away  at  higlier  temperatures 
leaving  no  ash.  Ultimately,  Marcet  gave  to  this  sub- 
stance the  formula  CjaHjigSOj.  More  recently  F.  Hinter-  ' 
berger '  has  re-investlgateil  the  matter,  and  found  tiiat 
Marcet's  excretiu  was  a  mixture,  the  pure  substance 
being  free  ft-om  sulphur  and  cousistiug  of  CanHssO.  It  is 
obtained  by  exhaustinj^  fresh  faeces  with  boiling  alcohol, 
and  allowing  the  extracts  to  stand  over  a  week,  filtering 
from  the  black  preci[>itnte  which  forms,  and  precipitation 
with  milk  of  lime.  The  pi^pitate  thus  obtained,  after 
drj'ing,  yields  the  pure  excretion  to  a  liot  mixture  of 
ether  and  alcohol,  and  on  cooling  the  extract  below  0% 
it  deposiLs  in  the  form  of  yellow  needles.  A  hundred 
poumla  of  fiEces  yielded  8  grams  of  the  pure  material, 
which  forms,  with  bromine,  a  crj-stalliue  substitution  pro- 
duct of  the  formuUi  C,JIg,QriO.  ^M 

Marcot  also  examined  the  deposit  thrown  down  on  ■' 
standing  from  the  alcolu)lic  extract  of  fresh  fifice^,  and 
describes  it  as  a  soft  fatty  body  which  he  named  ex- 
cretoUc  acid.  This  fuses  between  25"  and  26°  C,  and  ia 
not  sap t HI i liable  by  boiling  potasli.  Itia  soluble  in  ether, 
but  ins()luble  in  water.     It  has  nei'er  been  analysed. 

Slercoriu  is  the  name  given  by  Dr.  Flint  to  a  si 
stance  which  he  found  in  fajces,  and  which  he  cousidei 
to  be  derived  from  cholesteriue.     It  has  not  been 
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,  but  from  its  dewTibccI  characters  it  appears  to  be 
related  in  some  way  to,  and  is  perhaps  identical  with, 
excretin  or  oxcretoUc  acid. 
H    Flayfair   (bund,  in  a  sample  of  fmces  which  he  ex- 
Htoinod,  as  raudi  aj?  15  per  C(?ut.  of  nitrogen  and  45  per 
"cent,  carbon,  and  from  the  amount,  of  nitrogen  and  phos- 
phates present,  human  fajces  has  often  been  recommended 
as  a  useful  manure.     Various  plans  for  dealing  with  it 
have  been  from  time  to  time  discussed  at  the  Society  of 
Art*  in   London   and  elsewhere.      Quite   recently,  H. 
hwarz  has  proposed '  a  process  which  consists  in  heat- 
huinaii  excrements  with  milk  of  lime,  condensing  the 
onia  which  is  evolved,  and  separating  and  pressing 
ibe  Hme  mud  which  is  obtained ;  it  is  this  mud  which 
h  recommended  tin  a  manure,  but  it  appears  to  be  of 
Btiidl  value. 

Ftvcfs  in  Disease.-^ln  the  mucous  evacuations  from 
a  case  of  intestinal  catarrh,  Liebig  detected  tlie  presence 
of  alloxan,  an  oxidation  product  of  uric  aciil,  Under 
ibnonnal  conditions,  uric  acid,  urea,  leucine,  &c.,  have 
i1k>  been  observc<l  present.  These  are  facts  which 
poescas  some  sort  of  connection  \i*ith  the  great  process  of 
oxidation  which  is  constantly  going  on  in  the  body,  but 
tfce  nature  of  the  relation  is  quite  unknown. 

In  cholera  and  typhus  it  has  been  stated  that  the 
lerous  evacuatiuns  contain  much  soluble  albumin.  Thu- 
dichnm  has  examined  cliolera  evacuations,  and  has  incor- 
porated the  results  in  a  report  *  on  cholera. 

*  ttfjwrti  of  the  Jdrdietl  O^i  r  of  tMi  I'rny  Coutuil,  fyc. 
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CHAPTER  VII. 


CnEHISTBT    OF    THE    BILK. 

It  is  not  intentled  in  this  place  to  discuss  the  function  of 
the  liver;  that  will  come  hereafter.  Here  it  will  suffice 
to  state  that  beyond  all  doubt,  the  great  purpose  served 
by  the  liver  is  the  produotion  of  bile,  which  it  elaborates 
by  unknown  processes  out  of  the  matters  eoiitaiiicd  in  ihe 
blood  which  feeds  il. 

The  general  characters  of  bile  hove  been  already 
described  ;  it  is  now  necessary  to  study  the  chemistry,  80 
fitr  as  it  is  known,  of  those  constituents  of  bile  with  which 
we  are  acquainted.  These  may  be  said  to  be  glycocholic 
and  taurocholic  acids  (which  exist  as  sodium  salta), 
cholesterine,  and  the  various  biliary  pignicnt.s. 

Glycockolic  rtcidt  CrtH^NO,. — This  acid  constitutes  the 
greater  [lart  of  the  resin  of  ox  bile,  but  it  is  only  present 
in  small  quantity  in  human  bile.  It  is  best  obtained  by 
fidly  cxinioting  dry  bile  with  absolute  alcohol,  and  frac- 
tional precipitation  of  the  extract  with  ether.  The  first 
precipitJites  consist  for  the  most  part  of  colouring  mat- 
ters ;  the  latter  one«  are  crystjdline,  and  contain  the 
sodium  salts  of  glycocholic  and  taurocholic  acids.  The 
mixture  last  named  in  dis^)lvL'd  in  walcr  and  precipi- 
tated by  acetate  of  lead,  when  taurot-holate  of  lead  re- 
mains for  the  most  part  in  solution.  On  decomposition 
of  the  lead  glycocholate  dissolved  in  hot  alcohol,  with 
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mlphurctted  hydrogen,  the  free  acid  is  obtained,  and  is 
depc«iu>d  as  a  white  crysUillliie  mass  from  tliu  liltnite 
after  removal  of  llie  suljihide  of  lead. 

It  is  obtained  in  a  purer  state  if  the  bile  be  first 
decolorised  by  animal  charcoal,  aiid  it  then  only  requires 
vAshing  with  water  to  be  quite  pure. 

Gonip  Ki^sanez  recoinnierids  the  extraction  of  dry  bile 
irith  alcohol  of  90  per  cent. ;  distillation  of  the  excess  of 
alcohol ;  dihition  of  tlie  residutil  extra<;t  with  water,  and 
precipitation  with  milk  of  Ume.  In  this  way  most  of  the 
colouring  matter  is  thrown  down  in  combination  with 
the  lime,  and  on  neuti'alisation  to  faint  acidity  with  sid- 
phuric  acid,  the  filtrate  gradually  di^posits  crystals  of 
gljcocholic  acid. 

Glycocholic  acid  forms  long  silky  needles,  whicrh  lose 
we^hl  at  100"  C;  it  is  sparingly  soluble  in  cold  water, 
but  dissolves  freely  in  hot  wuicM*.  Recrystjdtisalion  irom 
wtter  may  therefore  be  resorted  to  as  method  of  purifi- 
cation.    It  is  sparingly  soluble  in  ether. 

The  sidts  which  it  forms  with  the  metals  of  the 
Hlkftlles  and  earths  are  cr3'8tjil]ine,  and  are  soluble  in 
Ucohol.  Its  aqueous  solution  is  not  precipitated  by 
'  neutral  lead  acetate,  mercuric  chloride,  or  nitrate  of 
iilver,  but  the  leadj  copper,  iron,  and  alver  salts  may  be 
obtained  by  precipitation  from  its  sodium  salt  held  ia 
solution. 

The  sodium  salt  will  not  crystallise  from  water  or  al- 
cohol, but  dries  up  to  a  vuniish ;  it  exists  in  ttiis  form 
ttuurally  in  bile. 

The  soluble  glycoeholates  are  decomposed  by  acetic 
and  other  odds,  with  the  precipitation  of  glycocholic  acdd 
b  a  viscid  form. 
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When  glycocholic  acid  is  boiled  with  a  solution 
baryta  water,  it  is  decomposed  as  follows  : — 


C„U„NO,*-BttHaO,' 


■■  Bti(0„H„Oj>,  +  SC^KO,, 


That  is  to  say,  the  barium  salt  of  cholic  acid,  and  glyct^J 
ciue  are  produced.  V 

Acids  decompose  it  in  a  somewhat  dificrcnt  manner; 
a  molecule  of  water  is  first  removwl,  and  cliolonic  acid, 
CtaH^iNOj,  is  produced  ;  this  then  decom]>ases  into  clio- 
loiclic  acid,  C^gHj^^Oa,  and  glycocinc  ;  finally  the  choloidic 
acid  ia  resolved  into  dyslysin,  CtJInOf. 

It  is  not  at  all  unlikely  that  the  dyslysjn  and  other 
allied  compoimds,  the  presence  of  which  hfls  been  re- 
marked in  the  faces,  results  fi-oiu  a  similar  decomposition 
instituted  by  the  acid  of  the  gastric  juice  under  conJi- 
tioiia  goveniing  intestinal  digi'sfitJii.  In  that  case  glyco- 
ciiie  would  probably  be  reabsorbed  into  the  system,  and 
this  view  derives  considerable  support  from  some  facta 
now  to  be  mentioned.  Hippuric  acid,  CbH„NO„  ia  not  a 
normal  constituent  of  human  urine,  but  is  found  in  that 
of  the  horse  and  cow.  But  when  benzoic  add  is  being 
takeu,  hippuric  acid  is  found  in  the  human  secretion,  and, 
curiously  enough,  hippuric  acid  readily  decomposes  by 
the  agency  of  acids,  as  follows  : — 

That  is  to  say,  it  splits  up  into  benzoic  acid  and  g1 
cine,  suggesting  the  probability  that  the  hippuric  add, 
when  found  in  man's  urine,  has  resulted  from  a  synthesis 
of  these  substances  by  the  remi>val  of  one  molecule  of 
water.     It  will  be  seen  in  another  place  that  glycocii 
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bears  a  decided  relation  to  many  other  bodies  found 
B  urine. 

TauTOcholic  Acid,  CwH^aNSOj. — This  constituent  of 
bQe,  which  b  peculiarly  characterised  by  the  sulphur  it 
coDtains,  is  less  al)undiuit  in  ox  bile  thjin  the  a)iTesp<>rid- 
tog  acid.  In  the  human  bik-,  liowever,  the  order  of 
ihinga  is  reversed,  and  taurocholic  acid  13  the  most 
abnndunt  (in  dogs  it  is  the  only  one). 

It  is  pre()arcd  from  the  mother  liquor  resulting  after 

the  precipitation  of  the  glycocholatc  of  lead.     As  Inuro- 

cholic   acid  is   only  precipitated  by  basic  lead  acetate, 

ammonia  and   more    acetate  of    lead  must  be  added 

^Bo  the  mother   liquor  referred   to.     The  precipitate  is 

^nurified  by  dissolving  in  alcohol  and  reprecipitatiiig  by 

^nratert  after  which  the  alcoholic  solution  is  decomposed 

^nrith   sulphuretted   hydrogen,   the   sulphide   of    lead  is 

removed,  and  the  solution  concentrated.     Tlie  free  acid 

,      may  be  obtained  on  evap(jration,  or  by  precipitation  with 

^^tber,  when  it  is  deposited  as  a  syrup  which  crystallises 

^^00  continued  standing. 

Heintz  recommends  the  direct  precipitation  of  bile 
with  normal  lewd  acetate,  and  the  predpitation  of  the 
filtrate  with  basic  lead  acetate,  imlil  the  precipitates  are 
Hwhite  and  of  a  plaster-like  consistence.  Tlie  ultimate 
"filtrate  yields  nearly  pure  taurocholale  of  lead,  if  now 
predpitflted  vrith  a  mixture  of  basic  lead  acetate  and 
immonia. 

tThu  combinations  of  taurocholic  acid  with  the  alkali' 
metals  are  very  soluble  in  water  and  alcohol ;  tlie  basic 
fefld  salt  is  soluble  only  in  boiling  water. 
Wlieu  decomposed  by  boiling  with  acids,  it  splits  up 
much   in   the  same  way  as  glycocholic  acid,  yielding 
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eholic  or  clioloitlic  acids,  or  tlyslysin  ;  glycocme  (glyt 
CoU),  however,  il  does  not  yield,  but  iu  its  place  taui 
appeai-s — 

C„n„XSO,  +  HjO  -  C,I1,NS05  +  O^H«,Oj. 


Baryta  water,  when  boiled  with  taurocholic  acid, 
decuinposes  Jl,  giving  cholate  of  biiiiiiiu  and  taunu. 

This  same  decoiiUMJsilioii  would  ajiptair  to  lake  place 
in  the  small  intestine,  taurin  being  found  iu  the  iutesti- 
nal  canal  to  some  extent;  most  of  it,  however,  gels  iulo 
the  circulation,  and  the  sulphur  it  contains,  representing 
tlie  whole  of  that  contained  in  bile,  is  excrL'tinl  in  the 
urine  as  6ul]ihuric  acid. 

Cholic  Acid  (CjoH^uOi). — This  acid  may  be  obtiuned 
as  already  described  under  laurocliolic  and  glycooholic 
acids.  Althouf^h  it  is  probably  produced  as  a  decom- 
pusilion  product  in  the  body,  il  is  nowhere  met  with,  and 
hence  it  wo\iId  ai)pear  to  become  burnt  ui»  in  the  circu- 
lation. 

It  crystallises  fitJin  alcohol  in  colourless  glassy  forms, 
but  as  obtained  from  its  barium  salt  by  decomposition 
with  hydrochloric  a^'id,  it  fonns  a  resinous  mass.  Cholic 
acid  is  sUghlly  soluble  in  water,  more  so  in  ether,  and 
still  more  in  hot  alcohol.  Its  ethereal  solution  depaiita 
the  acid  in  rhombic  tabular  crystals,  which  contain  one 
molecule  of  water  of  ciystalUsaliuu  wtiich  may  be  ex- 
j)eUed  at  a  gentle  heal.  At  a  higher  teraperatui'e  it  loses 
water  of  constitution,  and  successively  becomes  choloidic 
acid  and  dyslysin.  ^ 

The  potassium,  sodium,  and  barium  cholatea  are 
soluble   iu  water  and  in  alcohol,  and  from  the  lattc 
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menstruum  most  of  the  salts  crystallise,  although  in  many 
characters  they  approach  to  tlie  nature  of  soaps. 

On  oxidtttiou  with  nlLric  odd,  cholic  acid  yields 
cholesteric  acid  (C,H,„Ofl). 

Cholic  acid  fuses  at  195*  C,  and  crystallises  with 
2|  molecules  of  water,  if  wft  accept,  the  Ck,  formula, 
but  iu  all  probability  this  fcnmuhi  ■will  have  to  be  nuilti- 
pUed. 

F.  Baumstark,*  by  acting  on  an  alcoholic  solution  of 
cholic  acid  with  hydrochloric  acid,  has  obtiiined  an  ether 
of  the  formiJa  CMll«.tCiHB)Os,  which  splits  up  by  caustic] 
alkalies  into  chulic  acid  and  ordlniiiy  alcohol,  but  wheu 
fa«iifced  with  alcoholic  nnimoniji  to  120''  it  is  siiid  to  yield 
cboUmide,  C-iHajOtll^',  which  is  identical  with  the 
amide  obtained  ou  healing  amuiouium  chulatc.  The 
aaine  chemist  haa  also  obtained  etliyl~betizuyl-cholatC| 
C;,Uj^C,H4CjH,0)0,  by  the  action  of  ethyl-cholate 
upon  benzoyl  chloride. 

H.  Tappeiner*  states  tliat  when  cholic  acid  is 
oxidised  by  chromic  acid  (potassic  chruraale?  and  sul- 
phuric acid),  it  yields  acetic  acid  and  a  fatty  acid  which 
is  either  palmitic  or  stearic,  and  a  second  acid  which 
is  crystalliaable  and  melts  at  250°.  These  facts  remind 
forcibly  of  the  relation  of  cholic  acid  to  oleic  acid,  which 
lilts  up  also  into  acetic  and  [Uiluiitic  acids  by  the  action 
fused  alkalies. 

In  au  attempt  to  ascertain  the  nucleus  of  choUc  acid 
by  distillation  with  alkali,  F.  Baumslark  obtained  a  semi- 
fluid oil,  the  nature  of  which,  however,  was  not  ascer- 
laitied,' 

'  DrtU.  CA*m.  0«.  Bm-.,  y±  US5, 1187. 

'  I>f«t.  aum.  Oti.  Her.,  vi.  12^5. 

■  I>na.  Ctuau  Ott.  Sm,  vi  1S77. 1370. 
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Wben  cholic  nckl  13  subjected  tx>  dry  distillation  it 
yields  ft  volatile  product  said  to  exhibit  the  pro[K^rtii's 
of  plienol  ;  and  when  diHtilled  wilij  alkalies,  it  yit'lda 
x-olatilo  products  between  150°  and  280°,  which  give  the 
Pettoiikofer  reaction.  1 

Gontp  Besaiiep  states'  that  by  melting  the  acid  with 
pot!u«ic  hydmto,  acetic  iind  proi)ionic  acids  are  fonned,. 
and  a  substance  resemblin)^  dyslysin. 

From  these  aitd  uLIilt  (•onsiderntioiis,  whit;h  will  bel 
insisted  ui>on  more  particulaily  when  treating  of  the 
Pettenkofer  reftctton,  ihere  is  little  doubt  that  between 
certain  bil*;  compounds  and  the  fatty  acids  on  the  one 
hand,  and  certain  benzene  derivatives  on  the  other  hand, 
there  exists  some  close  relationship. 

By  acting  on  cholic  acid  with  phosphorous  chloride,  a 
phasphorised  product  hiui  been  obUiiuud  according  to 
some  such  reaction  113  \s  here  given — 

30,^H„0,  +  2P01,  -  0„H,„P,0,j  *  OH(H. 

This  pho^pliorised  product  has  been  compared  to 
certain  coinpouuds  also  I'onUiiniug  phosphorus,  whicli 
exist  in  brain  and  nerve  matters.  As  we  come  to  study 
the  chemical  constitution  of  the  brain,  it  will  be  seen 
that  this  coiupaiison  is  to  some  extent  justifiable.  But 
thi'it'  is  this  dtflereiice  presented  by  all  the  jihosphoriswl 
l^rinciplos  pix'seni  in  bniin  matter,  that  they  are  also 
uilrv^^ous.  Attempts  to  produce  amidated  compounds 
(Viini  the  above-mentioned  artificial  phosphorised  com- 
bination would  no  doubt  yield  singularly  imporiant  and 
vfthwble  re-otilts.  Between  the  chemistiy  of  the  brain 
luul  bile  compounds  there  is  much  in  common. 

'  ^fw.  04.  riMrm.  di-ii.  S82. 
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Chohfidie  Acid  (C„H„Oi,), — ^Tliis  acid,  eo-named  by 
imarcay,   is  derived,  as  abcady  explaint'd,  frnm  two 
lolccules  of  choHc  acid  by  the  removal  of  one  of  water, 
is  a  resinous  white,  frinble  suljstnncc,  &ecly  soluble  in 
jhol,  but  slightly  so  iii  etiier,  and  altogether  insoluble 
water.     The  salts  of  the  atkalk'3  are  soluble  in  water 
[and  alcohol,  but  do  cot  crydtaUiie.    The  barium  salt  is 
[insoluble  in  water. 

Rfidtenbacher  has  determined  th.it  when  the  aeid  ia 

[distilled  with  nitric  acid  it  yields  volatile  fatty  acids  of 

lUu!  series   Calh/).^^   including   acetic,  butyric,   caproic, 

ttmmthj'lic,  caprylic,  pelaroonic,  and  capric  acids ;  oxalic 

and  cholwtcrio  acids  remain  behind,  and  a  thirtl  crystal- 

lisable  acid  termed  choloidanic  (C|bH„0;). 

In  the  transformation  of  choloidic  acid  into  dyslysin 
under  the  influence  of  acids,  each  molecule  loses  three  of 
water  and  becomes  C^HuO^,  which  is  a  body  fusible  at 
140*  C,  and  behaves  like  a  resin. 

Generalimtion. — Among  many  of  the  substances 
described  in  the  preceding  sections  there  are  several  rela- 
tions perceptible  which  are  of  great  importance,  botb 
physiolt^cally  and  chemically.  Thus  it  has  been  shown 
that  cholic,  choloidic  acid,  and  dyslysiu  each  give,  as  an 
oxidation  product,  cholealeric  acid.  ClioloidJc  acid  yields 
also  other  ])roducts  like  to  those  given  in  a  similar 
process  by  oleic  acid.  Moreover,  all  of  these  acids,  and 
the  omjugated  glycooJiolic  and  tiuirocbolic  aclds^  as  well 
t  ts  cholesterine,  yield  with  sugar  and  8ul[>huric  acid  a  re- 
action which  Pettcnkofcr,  at  the  time  of  his  discovery, 
considered  characteristic  of  bile  compounds.  Cboles- 
terine  {CrsH^O)  al^M)  yiehls  chole-sluric  acid  as  an  oxida- 
tion  product.      Now,  in  a  subsequent  chapter  on  the 
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Pettenkofer  reaction,  the  relation  of  tbeee  biliary  ani(3s  to! 
oleic  add  and  the  members  of  the  fatty  acid  series  | 
generally  will  be  still  more  fiilly  developed ;  in  tha  j 
meantime,  that  there  is  a  connection  between  the  bile 
acids  and  cliolesteriiie  on  the  one  hand,  and  the  whole  o^j 
these  to  oleic  add  on  the  other  hand,  seems  evident. 

Again,  tile  bile  of  the  pig  contains  a  resinoid  acid 
termed   hyoclioUo,  of  the  formula  CjrHuNOj,  and    thia 
splits  up  iua  manuer  similar  to  glycocholic  acid,  yielding  i 
glycociue  and  hyocholalic  acid,  thus: — 

Hyocholali-:  acid  mny  further  split  up  into  water  and 
hyudyslysiu,  CiJljtOat  a  botly  which  is  homologous  with 
ordinarj-  dyslysin.  Furtiier,  the  sulj)liuretted  atnd  of  pig's 
bite,  which  is  complementary  to  liyocholic  acid,  has  the 
fonuula  C,iH„NSOg,  and  is  related  to  taurochoUc  acid  as 
hyocholic  is  to  glycocholic  add. 

Ghj/^ocine  or  Glycocolt  (CsHeNO,). — As  stated  while' 
describing  glycocholic  acid,  glycociue  is  j>roduced  by  tha 
decomposition  of  this  substance  into  its  proximate  nuclei. 
It  is  also  yielded  as  stated  above  by  a  similar  decomposi- 
tion of  bi]>puric  acid. 

Most  interesting  is  the  derivation  of  glycocine  from' 
gelatin  when  boiled  with  dilute  sulphuric  acid,  or  with 
|K>tash  or  soila — interesting,  because,  as  will  be  shown      i 
hereafter,  it  is  from  albuminoids  similar  to  gelatin  thatfl 
the  liver  elaborates  the  bile,  one  of  whose  constituents  is 
glycoc-hoUc  acid  wliich  yields  glycodue.     By  cvaporatioa  « 
of  its  aqueous  solution  tlie  base  mny  be  obtainctl  in  hard, 
sweetish  crystals.      The  artificial  synthesis  of  glycociue 
has  buen  uQccted  by  aeveml  meLhud»,     Thus,  Perkin  and 
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Duppa '  obtained  it  by  acting  upon  an  alcoholic  solution 
of  amniouia  with  bromacetic  acid  at  an  elevated  tempera- 
ture, the  following  reaction  taking  place: — 

That  is  to  say,  amido-af^tic  acid  (glycociue)  and  am- 
monium bromide  are  produced. 

A.  Eromerling  *  porfoniicd  the  synthesis  by  passing  a 
curreut  of  cyanogen  through  a  saturated  boiling  solution 
of  bydriodic  acid,  thus : 

s(C?f)  +  sm  +  iin.o  -  o,it,xo,  +  xir  j + 1^. 

Strccker  found  that  by  acting  on  nric  add  with 
hytlriodic  acid,  glycocine  was  also  produced,  and  this 
feet  le<l  him  to  believe  that  uric  acid  contained  a  glyoo- 
caDe  residue ;  Emmerling,  however,  says  the  fact  i»  due 
to  the  presence  of  a  cyanogen  molecule  in  uric  acid. 

Glycocine  is  soluble  iu  about  400  part^n  of  cold  water, 
bat  insoluble  in  alcohol  or  ether.  It  t'urnis  combinations 
viih  variable  molecuhir  proportions  of  hydrochloric, 
nitric,  .-lulphuric,  and  oxalic  acids ;  and  many  of  these, 
well,  for  example,  as  the  nitrate  CjHjNOjJINOj,  erva- 
tallisc.  It  also  behaves  as  an  acid  towards  bases,  forming 
n»ny  soluble  comjwunds  with  metallic  oxides  wiiich  are 
aljocrjstaUine.  Compounds  uf  zinc,  copper,  lead,  barium, 
calcium,  and  silver  are  known. 

It  reduces  ojcrciirous  nitrate  and  expels  acetic  acid 
fn>m  acetate  of  copper.  Heated  with  strong  [>otasIi 
solution,  a  transitory  fiery- red  colour  is  produced, 
wnmonia  is  set  fi-ee,  and  oxalic  and  hydrocyanic  acids 

'  Q.J.  Cktm.  .Soo.,Ti.  31. 

•  DmU.  Otrm.  OtM.  Btr.,  vL  1851-1354. 
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are  formed  in  the  solution.     Beyond  behaving  iis  an  &a> 
and  as  a  base,  it  Ijeliaves  also,  in  some  respects,  like 
alkaloid,  forming  combinations  with    salts  which 
crystalline. 

A  mixture  of  sulphuric  acid  and  manganic  dioxide 
gives,  oti  distillation  with  glycocinc,  carlx>nic  anhydride 
and  hydi'ocyanic  acid,  tlius — 

C^IjNO,  +  0,  -  00,  +  sn^O  +  IICN. 

By  the   passage  of   nitrous   acid  througli   its  aqii 
solution,  glycocine  is  resolved  into  nitrogen  and  glycolic 
acid,  as  follows^ 


0,1  i,No, + imo, = o,n.o, + 11,0 + N, 


i 


The  glycolic  acid  may  be  extracted  by  ether.  According 
to  E.  Dreschsel,'  an  ammoniacal  solution  of  glvcocine, 
when  treate<l  with  a  solution  of  ammonium  perninnga- 
natc,  yields  carbonic,  carbamic  and  oxamic  acids ;  dioxide 
of  manganese  being  prccipitatxjd.  He  also  states  thnt 
the  same  products  lu-e  given  by  similarly  treating  leucine, 
tyrosin,  or  albumin,  and  he  concludes  tliat  carbamic 
acid  is  always  formed  when  carbon  dioxide  and  ammonia 
act  upon  each  other  in  the  nascent  state.  From  his 
experiments  (which  are  not,  however,  of  absolute  pre- 
cision) he  infers  that,  iu  the  formation  nf  urea  from 
albumino'ids,  glycocinc,  leucine,  and  tyrosin  are  first 
formed,  and  that  these  are  subsequently  oxidised  into  a 
carbfimiite,  out  of  which  some  ferment  arranges  urea. 
This  must  be  regarded,  however,  as  iiighly  problemalii"^!, 
notwithstanding   that  Si'liiitzenbcrgcr   has  recently   ob- 


'  Jwm.  pr.  Otrm.  (2),  xii.  417-420. 
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tained  decisive  evidence  of  the  production  of  urea  from 
albumin.     Of  thi:^  more  anon. 

R.  Engel  states,*  the  colour-reaction  said  to  be  yielde<l 
by  glycocine  and  alkalies  is  due,  when  observed,  to 
impunties,  aud  that  the  reactions  with  mcrcurous  uitrate 
and  copper  sulphate  are  not  suflioient  to  clmrueterise  it. 
He  gives  two  new  reactions,  which  are  as  follows. 

With  ferric  chloride,  glycociue  gives  au  intense  red 
colour,  which  disap[>ears  on  the  addition  of  acids,  and  is 
reproduced  by  ammonia.  A  drop  of  phenol  and  some 
sodium  hj^ochlorite  gives,  with  a  solution  of  glycocine, 
a  fine  blue  coloration;  other  amines,  however,  behave 
nmilarly. 

Before  concluding,  it  may  be  noticed  ilrnt  K.  Kraut,* 
ID  a  study  of  glycocine  derivatives,  states  that  when  silver 
^ycocine  acta  upon  methyl  iodide,  the  methiodide  of 
melhylic  dimelhylaniidacetate  is  formed,  from  wliich 
oxynetirioe  can  be  ])roduccd.  This  fiict  is  intcrc:*ting  by 
briagiug  into  plausible  relationship  bodies  which  occur  in 
f  the  animal  organism,  and  which  must  liave  a  commoa 
or^n — namely  in  albuminoids. 

Taurin  (C,lI;NSOa). — Tliis  substance,  which  can  be 
detected  in  the  ficces,  is  obtained  from  taunx-boHc  add 
•8  described  under  that  subsUmce.  Cloctta  has  detected 
it  in  small  quantity  in  the  lungs  of  the  ox,  and  has  esLul> 
lished  Its  identity  with  the  substance  uamed  by  Verdeil 
pQi-umic  or  pulmonic  acid. ' 

It  is  i.someric  with  sulphite  of  aldehyd-nmmoniura 
(CjI,0,XIItoSO,),  from  whioii,  however,  it  differs  in  its 
properties.    Taui'in  appearit  to  be  dehydrated  iijiuthionate 

■  Aa.  Sac.  CMni.  (2),  xriii.  436-437 ;  ftud  0>mpe.  JtemL  kxx.  U6a 
*  lisUft'i  Aiutideaj  clxxxii.  172. 
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of  ammonium,  and  was  prepared  synthetically  by  Strecker  * 
as  follows  :■ — Isctliionic  acid  (prnparod  from  nlcifiiint  gas 
and  sulphuric  anhydride)  in  aqueous  solution  Is   neii-^ri 
tralised  with  ammonia,  and  the  solution  on  evaporation^ 
yields  crystiils  of  the  salt  NH^C.J^J,SO„  which,  on  hcatin 
to  230"  C,  loses  water  and  yields  taurin,  tliu 

Nn„o,n»so^ = 11,0  +  o,n,xso,. 

R.   EiigL'l,   however,  points   out'    that   the   body  thus 
obtained  difTere  from  taurin  proper  in  Its  fusion  point  am 
by  the  fticl  that  it  yields  ammonia  when  boiled  with 
potftssic  hydrate.     From  further  researches,  he  concludeSi 
thstt  taurin  ia  not  iselliionainide,  but  a  plycocine  or  aeit 
amide  -vvliich  may  be  synthetically  prepared  by  acting  or 
amraouia  witli  chlorethylsulphuroua  acid.     Engel  sho^ 
its  further  similarity  to  glycofine  by  having  prepared 
basic  salt  of  the  forinuhi  CIlflHgNSOj  +  HgO. 

Taurin  crystallises  in  forms  like  quartz ;  it  is  solubU 
in  l(i  parts  of  cold  water,  but  is  insoluble  in  absolul 
alcohol  (although  it  dissolves  in  weak  alcohol)  and  in' 
ether.     On  burning   in   the    air,   it   yields    sulphurous 
anhydride.     Potash  dissolves  it,  and  on  evaporation  ai 
monia  is  evolved,  while  potassic  sulphite  and  ncct-ate 
formed. 

It  is  oxidised   in  the   system,   and   the  sulphur  i( 
excreted  in  the  urine  a.s  sulphuric  af:id. 

Ckoiemterine   (Cji,II„0}.  — ■  Tliis    beautiful    substance 
entering  into  the  com[iosition  of  bile,  occurs  still  more 
largely  in  brain  and  nerve  substance  ;  it  is  also  met  with] 

>   Chtm.   Oaz.,  1»54. 388;  and    rwk.d.  pAyi.tnfJ.   Oct.  at   Wunbttr 
Bd.  2.  S.  21«>. 
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^in  the  yelk  of  egg,  llie  seminal  fluid,  and  in  blood  attached 
Vw  the  corpuscles.  It  has  been  found  iu  milk,  the  spleen, 
the  cxcreiuents  of  various  animnls,  in  the  corpus  lui^um 
of  the  cow,  in  peiw,  nnd  other  vegetable  substances,  &c. 
a  several  morbid  products,  as  gall-stones,  tlie  fluid  of 
hydatid  ovarian  cysts,  and  pus,  choleateriae  also  oi^curs, 
while  it  is  a  common  prodi:ct  of  putrefactive  chunges  in 
miucular  tissue. 

The  quantity  present  in    bile   is   variuble,   nnd   is, 

ing  to  Berzclius,  one  in  10,000,  while,  according 

toothers,  bile  contains  as  nntcii  as  025  per  cent. 

'  From  its  ready  solubility  in,  luid  crystalUsability  from 

klcohol  or  ether,  it  is  e:isily  obtained  in  a  pure  stiite  ;  if 

■    required  to  obtain  it  free  from  fatly  matters,  this  is  best 

■done  by  a  process  of  saponification,  by  which  the  choles- 

lerine  is  not  attacked,  and  consequently  may  be  readily 

extracted  from  the  auap  by  ether. 

ChfJcsterine   is   practically   insoluble  in  water,  and 

crystallises  in  beautiful  pearly  plates  somewhat  resembling 

naphthaiine.     These  crystals  muy  be  obtained  in  a  form 

taining  5  per  cent,  water  of  crystallisation  which  is 

lied  at  100*  C.    It  fuses  at  137"  C,  and  at  a  higher 

peniture  may  be  distilled  unchanged,  if  care  be  tnktm  ; 

ImjI  at  ;liU  higher  temperatures  it  decomposes. 

By  bpatiug  cbolesterine  during  some  hours  iu  sealed 

,with  Tuious  acids,  eertftin    oomiK>tiTids    termed 

dwlesteride*  are  obtained  (Berthclot),  resembling  aaccba- 

in  their  general  nature.    These  may  be  regarded  as 

ethers  of  cholesterine  (itself  a  monobasic  alcohol, 

iHtfHO,  according  to  Gerhardt).    Thus  tlie  following 

pounds    have    been    obtained  —  butyrocholestcrine, 

,H,0, ;  stearocholesterine,   CnII«t,Ci, 


ii*-»»^» 
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benzocholesteriue,  C3„H«,C;H(0s  They  are  wliite  fuail 
bodies,  and  but  sparingly  soluble  in  hot  alcohol,  bi 
dissolving  easily  iu  ether.  By  the  action  of  alcoholil 
solution  of  iiotjish,  they  decompose,  yit^lding  cholcsterii 
and  the  various  acids  from  -which  they  are  relatively  coi 
stnicted.  Sotlium  choleaterate,  CacH«IfaO,  is  produce 
by  the  action  of  metallic  sodiura  upoc  cholcsteriue  di 
solved  in  petroleum  spirit.  This  body,  when  heated  wit 
ethyl  iodide,  gives  cholesteryl  oxide. 

Cholest-oric  acetate,  C8fiH«(C5H,0)0,  is  prepared 
the  action  of  acetyl  chloride  on  sodium  cholesterate 
chole9t«rine. 

Cholesteryl  chloride,  C„H,sCl,  may  be  obtained  bi 
acting  upon  cholcsterine  with  plmsjihurous  peuiacliloride; 
when  decompoBcd  with  aqueous  potash  it  yields  choI< 
ferine  and  potassic  chloride. 

Choleaterylamine,  CseHuNlI,,  resvdts  when  the  bodj 
CjgHrtCl  is  digested  with  alcoholic  ammonia ;  it  is  ciyst 
line,  and  melts  at  104°  (Henry). 

The  action  of  lerchloride  of  phosphorus  upon  choU 
tcrine  jielda  neutral  phosphorised  bodies  difhcult  of  pi 
fication,  and  resembling,  according  to  Gorup  Itesanez^* 
the  so-called  myelin  ;  this,  however,  is  only  partially  true, 
as  myelin  is  also  :iitTO<jrenou3  in  character.  Strong  sul- 
phuric acid  removes  water  from  choleslerine,  and  gives 
rise  to  the  production  of  three  hydrocarbons  of  the_ 
formula  Cjill^j  nameil  cholesteriUn. 

Nitric  acid  oxidises  cholcsterine,  and  yields  (like  tb< 
biliary  jicids)  cholesteric  add,  CgHioOj,  which  is  a  yelloi 
debquesceut  substance  readily  soluble  ia  alcohol ;  oth( 


)  Am.  Ok,  I^trm.  cMi.  2S4. 
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of  the  series  CoH,„0„  aud  oxalic  acid,  accompany 

cbolosteric  acid. 

By  oxidatiun  of  a  milder  oliaracter,  such  as  is  pre- 

_Mnted  by   a   mixture  of  sulphuric   acid   and   potassic 

^kchromate,  a  white  amorphous  acid,  termed  oxycholic, 

CaH^4,  is  produced,  and  certain  members  of  the  fatty 

acki  series. 

Ijatschinoff    has    studied'    tlie    oxidising  action   of 
jtaasium    permanganate    upou    cholesteriue,   and    ha^ 
stained  three  different  acids  whose  s;ilts  he  hns  sppanitcd 
by  the  use  of  diflerent  solvents ;  (he  acids  are — cholesteric 
[idd,  C«HuO, :  osycholesteric  acid,  Ca(H<,Oo ;  and  dioxy- 
cholestcric  acid,  CsJ^oOt. 

By  the  action  of  bromine  upon  cholestcrine  dissolved 

carbon  disulphide,  an  additive  product  of  tlie  comjui- 

silion  C»H„OBr,  is  obtained.      It  crystallises  in  wliitt* 

needles,  and  is  ire*ohible  in  water,  but  dissolves  readily  in 

j     ether.    Sodium  amalgam  reconverts  it  into  cholesterine. 

Cliolesteritie  rotates  n  my  of  polarised  light  to  the 

^Icft.     Wlien  evai>orated  with  a  drop  of  nitric  acid  at  a 

"  gentle  heat  it  leaves  a  yellow  spot,  which  tiu*us  red  when 

moistened  with  ammonia.     By  heating  witb  a  mixture  of 

I      2  or  3  volumes  of  strong  hydrochloric  or  sulphuric  acid 

and  1  volume  of  moderately  dilute  ferric  chloride  solution, 

,aiid  evaporation  to  dryness,  a  reddish  violet  residue  is 

^  obtained. 

In  strong  sulphuric  acid,  cholestcrine  dissolves  to  a 
reddi«h  colour,  and  on  the  addition  of  sugar  {concentrated 
wlution)  the  Pettenkofer  reaction  is  exhibited. 

E.  Schulze  has  shown*  that  sweat  contains,  beades 

>  Sua.  Soe.  CAim..  uvii.  400. 
-1  JatriK  CJum.  Soc.,  tv\.  xi.  (bct.  3),  p.  ai&;  lod  J.pr.  CAtm.  (2),  rii. 

n  a 
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cholesterine,  a  modification  of  the  same  principle  terms 
by  him  isocholesttTine.  It  is  particularly  distinguishc 
by  depositing  from  its  alcoholic  solution  as  a  translucei 
jelly ;  tliis  was  when  it  had  been  obtained  from  its  bei 
zoate  by  the  action  of  potusli.  The  author  of  this  treat 
li:i8  often  observed,  however,  cholesteriue  from  nonni 
sources  to  behave  similarly  when  rcfTystallised  froi 
benzene,  and  hence  it  appeal's  doubtful  whether  moi 
than  one  cholesteriue  really  exists ;  a  surmise  which 
supported  by  the  identity  of  reactions  and  projierties  pre 
scntcd  by  cholesterine  and  so-culled  isocholcstcriae. 


BILK   FIGMBKTS. 

Bilirubin  (CbH^NO,). — Of  the  biliary  pigments,  th« 
which   has   been   best  studied   is  bilirubin,   also  call< 
ciiolopboeiue.     It  is  readily  prepared   by  extracting  in- 
spissated  bile,  or,  what    is  better,  crushed  gall-stones,* 
successively   with    water,    alcohol,   dilute    hydrochloric 
acid,  boiling  alcohol,  and  ether;  the  residue  is  dried  and'^ 
then  extracted  with  boiliug  chlorofonu,  which  assumes  a 
yellow  colour  as  the  bilirubin  dissolves.     The  chlorofoi 
extracts  when  saturated,  dejiosit  minute  cryatals  of  bilt^ 
nibin  ou  cooling,  but  it  is  best  to  concentrate  the  solution] 
by  distillation,  and  to  precipitate  the  final  extract  with] 
alcohol. 


'  ilidy   {Annalrtt  ilrr  Chrnm,  cljucr.  70,  77)  bu  {^veo  tlio  fuUowin^ 
imalviii)  of  ox  gRll-etonea  :— 

Boluhl*  portion      ......  18-0O 

EtiiCTeal  extnwt  (f«t)    ....     -  fi-2a 

Photphntca  astt  haaea    .         ,         .         .     ~  1*41 

BiliniUn -  2810 

Residue  and  iosA -  47-12 


BlLimUlN. 
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Tlie  reasons  for  using  tlie  above  method  are  aa  fol- 
lows:— The  water  extracts  wliaiever  is  soluble  therein, 
snch  as  mucus,  salts,  &c. ;  the  ulcohot  takes  out  cholester- 
isc,  fatty  and  biliiin,'  acids;  Ihe  acid  decomposes  the 
lime  salt  of  bilirubin  (for  it  exists  in  combination  'n\  gall- 
itooes),  and  removes  the  lime ;  the  alcohol  and  ether 
finally  c<Mnpletc  tlic  extraction  of  soluble  mattws  ]>ri>- 
duced  by  the  previous  use  of  the  add,  and  dissolves  only 
tracer  of  bilirubin,  which  is,  however,  easily  soluble  in 
chloroform.  It  is  also  soluble  iu  bisulphide  of  carbon, 
turpentine,  and  benzene. 

In  the  fonu  of  powder,  Vilirubin  is  of  a  brilliant  red 
colour;  its  crystals  have  a  bluish  shade  over  Uie  red. 
The  biliary  adculi  of  oxen  derive  their  yellow  colour 
from  the  presence  of  bilirubin,  and  are  much  valued  by 
artists  for  compounding  pigments  of  a  brilliant  tint  and 
durable  character. 

Stiidcler  assigned  to  bilinibin  the  formula  C,flHisN,Oa, 
but  he  afterwards  withdrew  this  formula,  and  taking  more 
exteiuive  results  obtained  by  Thudichum,'  constnicted 
npon  tliem  the  theory  of  bilirubin  an  a  hexabiisic  odd. 
Thudichum,  however,  has  protested^  against  this,  and 
iadeed  his  work  is  entirely  opposed  to  the  conclusipns 
drawn  by  Stadeler. 

Mflly^  has  also  occupied  himself  with  studies  upon 
tHlirubiu;  but  as  his  results,  so  far  as  they  have  been 
established,  are  merely  confirmative  of  those  obtaineil 

'  lOlh  Itepcwt  M«d.  Officer  of  Privy  Council,  ItfO",  pp.  340-361;  alao 
Jtwn./.  praet.  OtrmU,  104  (1«»)  4. 
•  Jtairm.  CUem.  Soc.,  Uat  Iti'S. 

■  UaIv*'  KwvrrliM  are  iiummAnfled  and  criticlietl  by  Thudichum  in  u 
Ictuir  V»  the  VieBoa  .Academy.     See  CAewical  J\VtPi  of  April  18  uul 
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previously  by  Thudichtun,  we  ahnll  confine  ourselves 
the  researches  of  the  latter.    He  has  shown  thai  from 
eolution  of  bilirubin  in  very  dilute  ammonia,  nitrate 
silver  precipitatt-s  the  com|3uiind  CsHgAgXOj.HsO.     Chl( 
rides  of  barium  and  calcium,  precipitate  from  a  similj 
dilution,  compounds  of  a  red  coloui"  and  of  tiie  compos 
lion  2tC8HeNO,)lii«,CBH„NO,  +  2H,0  and   2(aHeN0,)< 
C3t.^t>i,2HjO.    Bcyoiid  these,  the  same  chemist  has  al 
described  the  following  preparations : — 

llasic  eUver  suit C,H,Ag,NO, 

Neutral  barium  salt .        .        .        2(C,lI,N0,)IJa^II,0 

„      calc:iHm  siat         .        .        2(CgHgNO,Ka,2n,0 

Acid  line  flftlt  .  2;0,rr,XOj)Zii,0,ir,NO„2njO 

Bftsic  loBil  salt 0,H,PbXO, 

If  bilirubin  be  dissolved  in  caustic  or  carbonatec 
alkali,  and  the  solution  exjiosed  to  the  air  for  some  days, 
Ihp  product  turns  green,  and  on  addition  of  hydrochloric 
acid,  green  flakes  of  biUverdiu  (CbHsNOj)  are  pniduced, 
and  may  be  purified  by  regeneration  from  an  alcoholic 
solution. 

By  the  action  of  nitric  acid  containing  nitrons  acid, 
upon  bilirubin,  a  play  of  colours  is  produced,  passing 
fiom  green,  blue,  violet,  and  red  to  yellow. 

Briicke  modified  this  teal,  and  recommends  the  use 
of  boiled  pure  nitric  acid  and  the  cautious  addition  of 
sulphuric  acid  to  the  bottom  of  the  test-lube.  E.  Fleischl^ 
lias  simplified  the  lest  by  using  a  concentrated  solution  of 
stMlimn  nitrate  instead  of  the  freshly  boiled  uiti'ie  acid. 

If  concentrated  nitric  acid  be  added,  to  an  ammo- 
niacal  solution  of  bilirubin,  a  blue  precipitate  is  formed 
lit  a  certain  stage.     HiLs  is  soluble  in  alcohol,  and  has 

»  Oum,  Ontr.  1870,  p.  66i 
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il)een    termed   cbolocyanm ;    it  presents  a  cliaraclertstic 
I  spectrum.     Concentrated  sulphuric  acid  gives  with  bili- 
rubin a  greeu  uolutioo,  aud  this  in  coutact  with  a  moist 
atmosphere,  or  on  the  oclditiati  of  water,  give3,  among 
other  products,  cholothuliine,  CJI,,NO,. 

There  is  no  estabU-tlied  coiuiectioii  whatever  belweeti 
bilirubin   or  other   biliary   pigmeuls  aud  the  coiouriug- 
loatter  of  blood ;  il  ia  necessary  to  stute  this  emphatically 
00  account  of  the  existence  of  erroneous  statements  and 
impressions  to  the  contrary.     Thus,  Maly  ^  obtained  by 
beating  bilinibiu  suspended  in  water  wltli  scKhuni  amal- 
,  gam  in  excess,  a  body  which  he  termed  hydrobilirubin, 
'and  which  he  viewed  as  ideutii'.al    with  the   colouring- 
matter  of  urine ;  but  Xhudichum  ^  has  demonstrated  the 
.  maocuracy  of  the  latter  proposition. 

^V*hen  dry  bilirubin  Is  exposed  to  the  dry  vapour  of 
bromine,  it  forms  the  subetituLiun  product  C,H;Hr,NOj : 
!his  is  stable  at  100°  C,  aud  constitutes  a  dark  blue- 
black  powder  soluble  iu  dilute  acids  to  a  blue  colour. 
Tbudiclium  has  also  described  the  following  coiu|K)iind8 : 
C;H,BrNO,  and  C»HjBrN0,C^8N0i.  This  diemist  had 
by  curlier  c.'cperiment  fixed  the  atomic  weight  of  bili- 
rubin at  163,  a  figure  which  is  coufirnied  by  the  direct 
brominatinn  experiment  leading  to  the  production  of 
CHjBrjNO, :  the  only  doubt  about  this  tbnnula  which 
now  remains,  attaches  to  the  hydrogen ;  this  ligiu-e 
may  [>ossibIy  have  to  be  increased.'  IulIIiic  vapour  haa 
nottctiun  upon  bilirubin,  but  chlorine  gas  seems  to  give 
[Beveral  substitution  products,  among  them  C,H,CI,jrOj. 

1  Am.  C&rwi.  I^arm.  \87J,  No.  7,  f.  77. 
'  JounL  CAftH.  Sor..  May  1K"6. 

'  Se»  »m1>««9  execut«d  by  the  author  far  Tbudichuin,  And  deMribed  on 
'  ef  Thodicbaia'a  opeo  letter. 
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Bilirubin  is  the  substance  which  h  supixwed  to  give 
iioloiir  to  the  skin  in  'yellow  jaundice,'  while  '  bla< 
jauntlicc'  (roloiir  is  due  to  the  retention  of  bUiverdin| 
these  principles  may  be  extracted  from  the  skiti  in  jai 
dice  (bilirubiu  by  chloroform,  and  biliverdin  by  alcohol '] 

As  before  stated,  the  furtlicir  history  of  the  biliar 
pigments  after  ihuy  mingle  with  the  contentii  of  the  ii 
tealinal  canal  is  practically  unknown. 

Biliverdin  (CbH,NOj). — As  already  explained  und< 
bilirubin,  this  substance  is  best  produced  by  Heintz^a 
proecas,  which  consiata  in  passing  a  current  of  air  througl 
an  filkivline  soluliou  of  bilirubin  and  ])recipitation  of  tin 
reguking  sohition  by  means  of  hydrochloric  acith 

Bilivenlin  is  soluble  in  alcohol,  benzene,  anil  carboi 
disulphide,  but  insohtble  in  water,  ether,  and  chlorofon 

In  a  further  investigation  of  the  properties  of  bili- 
verdin, Tlnidichnni "  has  confirine<l  his  hypothesis  n( 
cording  to  which  it  is  produced  from  bilirubin  by  th( 
reaction  CJI,N0a  +  0,=C0s  +  CJI,X03.  Stiideler's  hy- 
pothesis, ihut  in  the  change  to  biliverdin,  biUrubin  tak* 
up  one  molecule  of  water  and  one  of  oxygen  (CibHi6N"jO^ 
ll30  +  0  =  Cir.HsoNjO,)  is  no  longer  tenable.  By  thi 
action  of  dry  bi-oniine  vapour  upon  dry  biliverdin,  and 
subsequent  heating  of  the  product  to  100"  in  a  current 
of  dry  air,  Thudichum  has  obtained  a  raonobrominat«d_ 
produi-t,  CgTIgBrNOj.  This  compound  is  perfectly  blacl 
insoluble  in  ether,  and  only  slightly  soluble  in  alcohol 
When  biliverdin  is  dissolved  in  caustic  soda  and  expos* 
to  the  action  of  sodium  amalgam,  a  change  ia  brought 
about  which    hiis   not    yet   been    precisely  ascertain 


'  See  Chrtn.  Xne*.  Mivy  12.  ISrO. 
>  Journ.  Oum.  Sac.,  July  1676. 
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The  product,  however,  wliich  is  tcnued  hydro- biliverdia, 
is  ^tiact  from  a  compound  produced  eiinilarly  from 
bilirubin. 

An  animonijica!  solution  of  l>iliverdm  is  not  precipi- 
ttted  by  imlcium  or  barium  cliloride  ;  but  the  acetates  of 
lead,  silver,  and  mercury  yield  precipitates  in  an  alcoholic 
eolutiou  of  the  colo\iriog  matter. 

Bili/mcin  (C»IIt|NO,)(?). — To  obtain  this  pigment, 
gall-sioues  may  be  powdered  and  extracted,  first  with 
ether,  then  with  very  dilute  acid,  as  preliminaries  to 
extrucliutt  by  absolute  aladutl.  Tlie  bilifuscin  dissolves 
b  the  boiling  alcohol  to  a  brown  colimr.  It  is  insoluble 
m  water,  etlicr,  and  ul  do  reform,  but  is  soluble  in  alkalies, 
Utd  reprecipitjited  by  hydi-ocldoric  acid  in  brown  flakeii. 

It  furnishes  calcium  and  baiium  combiualioue  by 
precipitation  of  its  ammoniacal  solution  with  the  rcspcc- 
dvo  chlorides  of  these  metals. 

It5  precise  formula  is  yet  tloubtful;  Stildcler  regards 
it  as  bilinibin  plus  one  niolcculc  of  wattn-;  but  ns  his 
&)nuula  for  bilirubin  is  wrong,  dependence  cannot  be 
placed  upon  that  for  bilifuscin. 

OtJier  Biliary  Pigmentif. — Biliprasiu  is  said  to  be  ob- 
tained by  extracting  inspissated  bile  or  gull-stones  succes- 
gvely  with  ether,  hot  water,  chloroform,  dilute  acid,  and 

ling  i-hlorofonu  ;  tlie  residue  on  extraction  with  alcohol 
takes  up  biliprasin  to  a  giecn  colour. 

Bilihumin  is  left  in  the  residue  after  the  extraction 
of  the  forgoing  pigment. 

AiTording  to  Tlmdichum  a  number  of  other  colouring 
matters  which  may  be  speclruscopically  identified  are  to 
be  found  in  cenain  diseased  processes  temanating  in  tbe 
producUoa  of  calculi. 


106      OBGAlfS,  FLUIDS,   KTC.,   CONCERNED   IS  DIQESTION. 

Other  Constituents  of  Bile. — The  only  remaiaiiig  con- 
stituents of  bile  are  lecithin  and  choline ;  the  one  i»  a 
phoyphorised  and  antidated  fat,  the  other  is  the  ammo- 
nium-base it  yields  on  decompoation.  As  we  shall  have 
to  enter  more  fully  into  the  study  of  these  principles  in 
treating  of  brain  chemistry,  their  consideration  is  reserved 
till  then. 
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CHAPTER  Vm. 

TOE   LIVER;      ITS     FUNCTIONS.       GLVCOSL'RIA    AND    DIABKTi:S. 

In  Chapters  VI,  and  VII.  we  have  studied  the  Dalure 
tad  chemistry  of  that  liquid  the  secretion  of  which  con- 
fiUtuU?3  the  pridcipnl  funotinii  nf  the  liver,  ami  in  our 
present  study  it  will  l>e  important  to  bear  in  mind  wliat 
is  taught  iu  Chapter  IX.  regarding  the  presence  of  sugar 
in  the  blood. 

The  liver  is  the  largest  glandular  organ  in  the  body, 
being  from  50  to  60  ovmces  iu  weight,  and  consisting  of 
cells  which  seem  to  be  the  scat  of  its  specific  fimctioBs. 
Il  is  supplied  with  blood  vcssrls  and  bile  ducts,  iiiter- 
^K»ed  with  lymphatics  and  nerves.  Fat  and  bilirubin 
say  be  contained  in  It,  and  it  al»o  funii^^lies  albumin, 
mucin,  glycogen,  sugar  and  biliary  acitls.  When  re- 
cently extracted  from  the  body>  the  liver  presents  an 
tlbaline  reaction,  but  becomes  acid  on  standing.  Boil- 
ii^  water  extracts  from  the  liver,  lactic  and  volatile 
fctty  acids,  inosile,  xanthine,  hypoxantliinc,  uric  acid, 
aad  leucine.  Its  ash  furnishes  poUissinm  and  phosphoric 
icid. 

There  are  various  diseases  of  the  Uver,  the  best  known 
being  so  called  degenenition,  or  *  bacoiiy  Uver,'  but  of 
the  chemical  causes  underlying  it,  or  of  the  chemical 
intcqiretalion  to  be  placed  upon  it,  we  are  without 
knowledge. 
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There  can  be  no  doubt  that  the  principal  functk 
performed  by  the  liver  cousists  m  the  elaboration  of  bil 
and  its  secretion.     This  elaboration  \s  effected  from  th( 
constituents  of  the  blood  which  b  presented  to  the  liver^ 
but  we  are   totally  ignorant  of  the  profound  clianf 
which    must    coiistilnte    this    iniportiiiit    process.      Th< 
wliole  process  is  controlled  and  rcguliitcd  no  doubl  bj 
the  nervous  system,  a  fact  wliich  A.  SocoloflT  has  broughfel 
to  bear  in  esplunation  of  some  otherwise  uninteresting 
experiments  detailed'  by  him.     The  author  found  that 
the  scoretion  of  bile  is  distinctly  increased  by  the  intrc 
duction  of  glycocholate  of  sodium  into  the  stomach  oi^ 
bloijd,  but  from  a  further  consideration,  of  these  and  otht 
resuItSj  he  confludes   that   the  phenomenon  is   one 
peculiarly  nervous  origin,  and  due  in  the  particular  in- 
stance cited  to  the  irritating  pnipcrties  of  the  biliary  acids^ 

Socolofl''H  paper  is  chnrncteristie  of  many  otliers  of 
like  kind,  and  equally  worthless;  so  worthless  indeed  that 
we  shall  disregard  them,  and  for  this  reason,  lietweei 
the  metiiotls  of  experiment  having  themselves  no  safa 
warranty  of  employment,  and  the  results,  there  is  n< 
db-ect  connection ;  it  is  impossible  to  reason  from  effects] 
to  causes,  or  vice  vernd,  and  as  the  methotls  of  experi- 
ment lire  generally  ill-considered,  and  the  rcsidts  misun- 
derstood or  niisintei"preted,  it  is  best  to  leave  them  out 
of  consideration.  As  regards,  therefore,  the  productioa 
of  bile  from  the  elements  of  the  blood  we  know  at  prq^4 
sent  no  more  than  the  fact. 

It  has  been  thought  that  the  liver  is  one  source  of  th( 
colourless  corpuscles  of  blood,  but  here  again  we  ar< 


'  PBuK»'*  Artkit.fur  Itt^ntiioffit,  iL  100-177. 


GLYCOQEK. 


109 


without  absolute  knowledge.    We  therefore  pass  on  to 
conmiier  a  further  function  known  to  be  resident  in  the 

Bernard  and  Henscn  discovered  in  the  liver  a  kind  of 
dextrin  of  the  fornnila  CJImO,,  and  they  couchided  that 
,     it  was  produeed  thmugli  a  decom position  of  albumin 
exerted  by  that  organ.     Subsequently,  it  has  been  ascer- 
tained by  Dr.  M.  Foster,  Bernard,  Pavy,  and  others,  that 
a  similar  amyloid  matter  is  found  in  other  forma  of  life 
(Entczoa,  larvai  of  iUes,  soliiUSed  lung  of  pneumonia,  &c.) 
iicrumulated  in  structures  having  one  feature  in  common 
with  t!ie  liver,  uamely  a  limited  supply  of  oxygen.    Pavy 
has  ii3i?d  this  fnct  as  an  argument  in  tluwries  which  WG 
L    must  hereafter  consider,  but  for  the  present  it  cannct  be 
Br^itrded  as  decided  whether  this  character  in  common 
^ifi  anythiug  more  than  the  utmost  a<;cident.     Mure  rspe- 
I     dolly  must  this  preciuitinu  be  nbserved  since  glycogen 
has  been  stated  also  to  occur  in  the  transversely  striated 
muaclcs.    Abelts  found'  this  substance  also  in  the  spleen, 
lunga,  and  kidneys  of  dogs  fed  exclusively  for  some  days 
revious  on  bread. 
The  characters  of  glycogen  are  \-ery  simple;  when 
it  is  a  yeUowisli-white  {jowder,  but  it  may  take  up 
e  or  two  molecules  of   water,  and  become  gummy. 
.  aqueous  solution  polarises  light  to  the  right  four  times 
intensely  as  dextrose  sugar.    In  alcohol  it  is  insoluble. 
ilh  iodine  it  gives  a  violet  or  maroon-red  coloration. 
U  aqueous  solution  dissolves  oxide  of  copper,  but  exer- 
no  kind  of  reducing  action  on  the  potassio- tartrate 
copper.     Wlien   boiled  with   dilute  acids,  or   when 


OWim.  OnCr.  l»70,  230. 


110      ORGANS,  PLCtDS,  ETC.,  COSCERNBD   IN   DIGESTJON. 

subjected  to  theaclionof  saliva, pancreatic  juice,at;rum 
blood,  or  cold  prepared  extract  of  liver,  it  is  Lnuislbrmec 
into  glucose  by  U»e  assimilatioa  of  a  molecule  of  watei 
It  is  readily  prepared  by  ininciug  a  fresh  liver  and  boiliu{ 
with  water,  filtering,  and  pressing.  The  filtrule  is  th( 
concentrated  and  precipitate^l  with  much  strong  alcohol 
when  yellowish- white  Hocks  are  thrown  down,  cousistii 
of  impure  glycogen.  It  may  be  purifio^l  by  boiling  wit 
caustic  polish,  dilution  witli  water,  and  reprecipitation  b] 
absolute  alcohol.  Or  the  glycogen  may  be  precipitate 
fnmi  the  concentrated  aqueous  extract  of  liver  by  means 
of  glacial  acetic  acid. 

As  regards  the  predse  method  by  which  the  liv( 
elaborates  il  from  the  blood,  little  definite  knowledj^ 
possessed.  But  6rom  what  has  been  ascertained  it  may 
be  formed  from  albumin  alone,  although  witli  fowls  a 
mixed  diet  of  starchy  and  albuminous  matters  is  rat 
favourable  to  its  production. 

Numbers  of  researches   bearing  upon  this  questlc 
have  been  pubhshed,  but  in  most  of  them  ii  is  impossibU 
to  draw  any  definite  conclusions  from  the  experiments 
described.     S.  WolfTberg  has  dboussed'  the  whole  qui 
lion,  and  after  reviewing  llie  views  and  experiments 
.Beniard,  Voit,  Pettenkofer,  Valleniin,  Bauer,  Dock,  tuai 
others,  includes  from  his  own  iovesUgatious  that  gli 
cogcn  is  an  intermediate  decomposition  product  of  albu^ 
min  in  the  animal  organism.      In  connection  witli  tbj 
view  it  may  be  interesting  to  bear  in  mind  two  feet 
viz.,  that  the  liver  undoubtedly  produces  bile  by  the  d< 
composition  of  albumin,   and  tliat  certain  albuminolc 


I  ZwUttkr.f.  Bioloffif,  lii.  200-314. 
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ch  fts  chondrin)  yield  glucose  when  decomposed  by 
kydmliug    agents    (see  Chapter    on    Albuminoids),    J. 
forater'  finds  ihat  wlieu  sugar  is  injected  into  Ihe  veins 
)f  dogs  which  have  been  kept  without  food  for  several 
lya,  the  amount  of  glycogen  in  the  liver  is  increased. 
[It  cannot  l)c  supposed  that  glycogen  is  formed  in  the 
[economy  from  sugar,  and  J.  Forster  concludes  that  the 
I  increase  of  glycogen  arises  from  an  increased  decomposi- 
tion of  albuminoids  bruught  about  through  the  sugar. 
Thus  it  arises  that  one  of  the  points  at  issue  between 
those  experimentalists  who  have  devoted  time  to  this 
matter  is  this :  is  glycogen  formed  directly  from  bodies 
btroduced  with  the  object  of  increasing  its  amount  (as 
naintaiued  by  Pavy  and  others),  or  do  these  substances 
only  contribute  indirectly  by  being  themselves  oxidised, 
md  thus  protecting  the  glycogen  from  change,  as  maiu- 
taiof^d  by  Tieffenbach  and  Weiss  and  others  ?  V.  Mering- 
empts  to  decide  tins  question,  nnil  he  has  found  that  the 
Similation  of  a  number  of  substances  such  as  grape-sugar, 
cane-sugar,  milk-sugar,  fruit-sugar,  inulin,  Ucheuin,glycer- 
ine,  arbutin,  gelatin,  and  albuminates,  produces  a  consi- 
derable accumulation  of  glycogen  in  the  liver.  On  the  other 
hand  he  found  that  inosite,  maunite,  quercite,  erythrite, 
and  fats  failetl  to  behave  in  the  same  way.     To  s'lim  np 
ibia  part  of  our  sxibject,  it  may  be  said  that  of  the  his- 
tory of  the  produc^on  of  glycogen  we  do  not  know 
•offident  to  decide  precisely  regarding  It. 

Opinion  is  by  no  means  unanimous  eillier  as  to  the 
Snal  destiny  of  liver  glycogen  ;  some  physiolc^sts  main- 
tain that  it  passes  &om  the  liver  in  an  unaltered  state, 

'  y,  JUp.  Phnrm.  xxr.  "73  -730. 

•  Pfluger'B  ArcAic./.  H^ologie,  »t.  274-384. 
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and  is  finally  oxidised  iu  the  circuIatioD,  while  others  he 
that  it  ia  changed  while  yet  in  the  liver  into  sugar,  and  tl 
passing  by  the  hepatic  vein  into  the  8j*stcra  becomes  oi 
discd.    Thifl  latter  view  is  supported  strougly  by  Berm 
and  to  a  large  extent  has  beeu  ado[)ted  by  physiok 
who  write  of  the   '  glycogciietic  function  of  the  live| 
This  tlicory  certainly  derives  weight  from  the  fact 
dead  liver  is  capable  of  quickly  converting    glycoj 
into  siigar.     Pavy,  however,  who  ardently  ^ipported 
at  first,  became  the  first  to  as  strenuously  oppose  it  on 
alleged  ground  that  no  sugar  is  made  in  the  liver  in  healt 

Nevertheless  some  sugar  can  be  found  in  he))allj 
bloo<l,  and  it  has  been  shown  by  Thudlchum'  that  Pavyj 
experiments  are  by  no  means  conclusive. 

According  to  Tiegel,  the  blood  corpuscles  undei 
disintegration  in  the  liver,  yielding  a  ferment  which  ti-ans- 
forms  starch  into  sugar,  but  v.  Witticii  has  shown*  that 
eveu  serum  yields  such  a  ferment  by  extracting  its  alco- 
holic precipitate  with  glyc-crine.  Tie  has  also  obtained  a 
diaslatic  ferment  from  the  parenchyma  of  the  Hver  when 
it  has  been  quite  freed  from  blood.  It  appears  to  be 
formed  in  the  cells,  and  is  partly  poured  out  with  the  bile. 
W.  Epstein  and  J.  ililller'  scorn  to  have  confirmed 
in  some  measure  the  ex])L'rinientH  of  v.  Wittich. 

Liebig  showed  that  the  liver  itself,  wlien  finely 
minced  and  suspended  in  water,  ferments  and  evolves 
carbonic  dioxide  and  hydrogen,  nnd  Bechamp  has  re- 
peated and  extended  these  observations,  and  has  shown 
that  the  same   occurs  even   when   the   liver  has  been 


I  Tbudkli  urn's  Chemical  I'hynotoff^,  p.  8. 

■  Paii?«r'ii  ArrJtir.  rii.  28-32, 

*  J3nU.  Oiem.  Get.  Str.  viii.  670-082. 
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ibed  in  water  containing  phenol.  BA-lmmp  also  showed 
iJie  fennentation  is  indepeudent  of  the  presence  of 
n  and  bacteria,  and  W.  K.  YasnopoUky^  hnsa)n- 
led  these  riews.  So  that  altogether  it  seems  to  be 
established  that  the  liver  contains  certain  active 
foncnta;  it  also  produces  glycogen,  which  admits  of 
beiog  changed  into  sugar  by  means  of  the  said  ferments. 
We  must  now  apply  this  knowledge  in  attempting  to 
explain  an  artificial  form  of  diabetes  termed  glycosuria, 
and  the  true  disease  itself. 

On  the  thoory  that  sugar  is  formed  in  the  liver  and 
oiidised  in  the  blood,  a  lack  of  oxidising  power  was 
conjectured  to  constitute  the  disease  known  as  diabetes 
melhtus,  since  in  this  disease,  sugar  is  voided  in  the  nn- 
ch&ttged  state. 

Rollo  alleged'  that  '  this  disease  consists  in  an  in- 
ocaaed  morbid  action  of  the  stomach  with  too  great  a 
secretion,  and  an  alteration  in  the  qnality  of  the  gastric 
ftoid,  pro^lucing  saccharine  matter  by  a  decomposition  of 
die  vegetable  substanfes  taken  in  with  the  tbod,  which 
nsnains  unchnngod.*  Others,  however,  and  among  them 
Dr.  naillie,  maintainefl  that  the  morbid  action  resided  in 
lite  kidneys;  but  Eolloargiietl  that  fvom  their  very  nature 
these  organs  are  incapable  of  forming  sugar,  simply 
•^liog  as  separating  agents;  he  yet  allowed  that  they 
!,;_'ht  become  morbid  through  an  increased  activity  and 
pathy  to  which  they  may  be  subject  insiich  a  disease, 
sdH  he  thus  explained  a  fact  he  himself  observed,  viz., 
in  certain  cases  the  urine  contains  more  sugar  than 
blood,     la  consonance  with  these  views,  sugia-form- 

*  HoUo  ou  lUiihtiM  Mftlitui,  p.  3H7. 
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ing  fcKxHs  were  avoided  in  tlie  treatment  of  ihe  discasi 
wliile  such  QxidisLug  agents  as  jM)tassic  clitorate  and  niti 
Roid  wore  recommended  for  administration. 

We  pause  here,  to  remark  liow  characteristic  such 
rca»)Ding  as  this  is,  even  in  these  days,  of  some  medical 
men  who  fail  U\  perceive  the  common  requirements  of  lojii- 
cal  science.  Assuming  that  by  means  of  oxidising  agen^ 
all  the  sugar  existing  in  the  blood  admits  of  oxidatiol 
it  by  no  means  follows  that  because  tlie  sugar  is  thus  d< 
fitroyed,  the  causes  of  its  formation  are  also  removed,  for 
its  formation  is  tlie  revealing  characteristic  of  the 
Moreover,  it  is  very  doubtful  whether  the  sugar  whi< 
may  be  present  in  the  blood  can  be  oxidised  in  this  way. 
Br.  Day,  of  Geelong,  has  recommended  [Hjroxide  of 
hydrogen  for  tliis  purpose,  although  he  admits  that  it  does 
not  remove  the  causes  of  the  disease.  We  know  uotliing 
of  what  relief  it  may  afford  to  sufferers,  but  it  certainly 
duns  not  appear  to  iLcx  by  virtue  of  its  oxidising  powei 
over  sugar.  This  the  writer  has  ascertained  for  hinisel 
ut  least  so  far  aa  regards  the  diabetic  sugar  present  in 
urine,  and  what  holds  good  with  urine  most  prol>ably 
is  true  of  the  blood.'     But  to  return  from  this  digressic 

With  the  view  of  testing  the   prevailing  theory 
diabetes,  Dr.  A.  Dupro  made  some  e.vperimcut£  whi< 
were  published  at  the  time  in  the  Practitioner.     He  ad- 
ministered known  amounts  of  fruit-sugar  (in  the  form  o^ 
honey)  to  a  diabetio  patient,  and  estimated  the  si 
voided  in  the  urine.     In  this  way  it  was  shown  that 
tlie  fruit-sugar  contained  in  the  administered  honey  waT 
oxidised  in  the  system ;  it  therefore  becomes  clear  thai 

'  Chtmutry  of  Diabett*   il'tttiat,  by  C.  T.  Kioffifltt.     Chmt.  AV 
vol.  xx:ui  p.  184. 
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&be(£9  is  not  to  be  explained  as  due  lo  o  IhcIc  of  oxidis- 
bg  power  iu  the  blood.  Duprt?  went  further  than  this 
in  his  conclusious ;  he  thought  his  results  pointed  to  the 
moduaion  *  that  the  sugar  fouiid  in  the  urine  has  not  pre- 
riously  existed  ready  formed  in  the  blood,  but  Imu  been 
bnaed  only  in  its  passage  tlirougli  tlie  kidneys,' 

The  correctuess  (jf  the  fii"st  conrlusiun  is  .supported  by 

rnard's  obsen-ation,  that   an  artificial   diabetes  fgly- 

ousuria  of  Favy)  can  be  developed  in  dogs  and  mhhits 

irritation  of  the  fourth  ventricle  of  the  brain  wtiJi  a 

iK«dle,  whereby  sugar  is  developed  in  the  blood,  and 

in  tlie  urine. 

The  other  conclusion  is  by  no  means  f^o  clear ;  Leh- 

mun  and  Dupni  both  found  tliat  the  pert-enloge  of  sugar 

ia  the  blood  in  cases  of  diabetes  generally  amounts  to 

004  per  cent,  only,  a  quantity  not  comparable  to  that 

ted  in  the  urine,  but  nevertlieless  such  a  conclusion 

in  opposition  to  all  our  knowledge  of  the  functions  of 

tlie  kidneys.     Moi-eover,  other  observers  differ  from  T^^h- 

Bann  and  Dupn^  in  their  determinations  of  the  sugar 

|HV3eni  in  diabetic  blood  ;  tiuis  Thudicliuin  found  in  one 

cu«  as  much  as  2  per  cent,  sugar.     Dr.  Balton  also  de- 

ioed  the  amoutit  of  sugar  present  in  a  normal  liver 

hmne«liately  after  removal  from  the  body  at  025  per 

rot. 
That  diabetes  is  an  exceedingly  ill -understood  disorder 
evident  from  other  points  of  view.  For  instance,  Dupre 
observed  that  Uie  administration  of  sugar  in  his  experi- 
ments oauaed  a  decrease  in  tlie  amount  of  urea  secretetl, 
a  &ct  previously  noted  by  F.  Hoppe.'  In  this  disca^ie, 
ilao,  lactic  acid  has  been  alleged  to  make  its  appearance 


fc 


*  Arek.f.  TWA.  Ami.  x.  (.p.  144-109. 
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in  the  saliva,  nnd  accton  in  the  stomach  and  urine  ; 
regards  aceton,  however^  this  is  more  than  doubtful, 
cause  the  testa  employed  in  its  detection  are  tests  also 
alcohol. 

Glycosuria  may  be  variously  produced.  Thus  Wi< 
ham  IjCgg  found  that  if  the  ductm  chokdochm  of  a 
were  tied,  while  no  sugar  was  found  in  tlie  urine  wifl 
five  or  six  days  after  puncture,  yet  without  tying 
duct,  glycosuria  commenced  within  aa  hour  after  pumj 
ture.  Afterwards  v.  Wittirh  found  that  the  tying  of  tl 
duct  diminished  the  amount  of  glycofjen  in  ihe  liver,  an( 
caused  glycosuria.  In  an  endeavour  to  accoimt  for  tl 
fact  observed  by  v.  Wtttich,  experiments  were  made 
E.  Kulz  ami  E.  Frerichs,^  and  (heir  results  were  clnim< 
by  them  to  show  in  common  with  previous  experimeni 
by  Legg,  that  it  was  due  to  the  liver  not  producii 
more  glycogen  beyond  what  existed  at  the  time 
tying. 

Bernard's  obsen'ation  of  the  causation  of  glycosui 
by  a  nervous  interference  paved  tlie  way  for  other  di( 
coveries  of  a  similar  nature.     Thus  Pavy  found  that 
division   of  certain  parts  of  the  sympathetic  system 
casioncd  the  presence  of  sugar  in  the  urine.     In  his  raoi 
recent  researches'  V»xy  condemns,  on  the  basis  of  esperi-* 
ment,  PchifTs  hypothesis,  in  which  tiiL*  escape  of  sugar 
from  the  liver,  and  inridcntally,  the  production  of  glyco^ 
fluria,  are  supposed  to  be  brought  about  by  the  develoj 
ment  of  a  ferment  in  the  blood  flowing  to  the  liver  as' 
residt  of  the  hypertemia  which  succeeds  those  operattor 
oa  the  nervous  system  which  give  rise  to  artificial  dis 

'  l*fliiger'i  j<rMir./.  /%y»tW*ipi>.  riii.  4(10-408. 

'  Proc.  Rotf.  Sq<:  ioL  xxiJl.  p.  C3t>,  uid  vol,  xxir.  p,  61. 
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W(e5.    In  some  experiments  upou  Jogs,  Pavy  1ms  fouuJ 

iku  whea  dcfibrinatuU  urteriul  blood  is  injected  into  the 

aesmtaic  vem,  sugar  is  developed  in  the  circulation  ;  in 

iKe  urine  the  sugiir  amouiilud  to  froin  10  to  15  grains  per 

ounce.      Inasmuch  as  venous  blood  faila  to  produce 

results,  Piivy  concludi's  that  the  produt'tiou  of  gly- 

coBuna  ibrough  influences  on  the  nervous  system  is  due 

U>  a  vaau-mutor   paralysis  niTecting  the  vessels  of  the 

Ayk>-poietic  viscera,  by  which  proceaa  the  blood  reaches! 

tbe  portal    system  without  having  been  de-artcrialised. 

Vwy  finds  the  8up|X)rt  of  his  theory  lu  the  results  of  ex- 

limmcnts  in  which  animals  were  made  To  brenthe  oxygen ; 

intieVLTul  experiments  u[>on   dogs  aacciiurine  urine  waa 

dius  developed,  but  otlMjr  experiments,  however,  failed  in 

this  respect ;  so  also  with  frogs  the  results  were  partly 

motive  although  chiefly  affirmativL'.  Tieflenbach  hadpre- 

-'y  determined  that  artificial  respiration  with  air  is 

•nt  to  produce  glycosuria,  and  Pavy  confirms  this 

...rvaliou,  as  also  one  made  previously  by  Dr.  Ricliard- 

ttu  and  by  Schmiedeberg  to  the  etTect  that  inhalation  of 

esrbonic  oxide  produces  a  like  result.     A  similar  action 

of  puflT-ball  smoke  is  explained  by  Pavy  as  due  to  ita 

contained  carbonic  oxide ;  it  sliould  be  remarked,  how- 

ercr,  tliat  the  physiological  effects  of  pure  carbonic  oxide 

are  totally  distinct  from  those  of  pulT-ball  smoke. 

In  esplaiuiug  the  power  of  oxidised  blood  to  con- 
vert the  glycogen  of  the  liver  into  sugar,  Pavy  looks 
apOQ  this  event  as  only  a  part  of  the  whole  truth,  nor 
-does  he  r^ard  the  action  as  due  directly  to  the  oxy- 
g«i  in  the  blood,  but  mtlier  to  the  action  of  the  de- 
ar1eriali«e(l  blood  as  a  ferment.  Pavy's  theory  is  in  no 
wise  deserving  of  fidl  credence.    In  the  first  place  he 
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is  creilitctl  with  having  shown  that  temporary  gly( 
Buria  can  be  induced  by  impeding  respiration,  and  unlea 
it  can  be  sliown  that  in  such  case,  blood  reaches  thf 
liver  in  an  arterial  condition  (an  iiictoniprt;Iionyible  result)| 
the  fact,  if  true,  is  directly  oppost-d  to  his  more  reoei 
experiments  above  described,  and  iiTeconcilable  witl 
the  concluaioiia  he  has  drawn  from  tlicin.  Apain, 
oxygen  in  the  blood  gives  rise  to  a  ferment,  then  carbonH 
oxide,  acting  (as  Pavy  says  it  does)  like  oxygen,  must  giv^ 
rise  to  a  fennent  also ;  but  on  chemical  grounds  it  is 
once  seen  that  the  ferments  (if  such  exist  at  all)  cannt 
be  identical ;  lience  the  prodiurlion  of  glycosuria  by  th( 
two  agents  must  be  brought  about  in  different  ways  ii 
the  two  instances,  and  then  again  such  cases  of  artifieit 
diabetes  must  be  explained  diRcrcntly  to  the  ordini 
disease  of  that  name. 

Pavy's  conclusions  admit  of  experimental  criticism 
follows:  If  glycosuria  be  due  txi  the  tninsformation 
amyloid  substance  mlo  sugar  through  the  agency  of 
ferment  present  in  oxidised  blood,  then  if  this  dextrii 
like  body  be  isolated  (as  it  can  be)  and  treated  with  arte 
rial  bloo<l  out  of  the  body,  it  should  give  rise  to  the  for- 
mation of  sugar.  The  same  result  should  be  attained  by 
blood  saturated  with  carbonic  oxide.  But  even  if  affirma- 
tive results  were  altained,  they  would  be  of  little  value 
if  the  statement  be  true,  as  alleged,  that  blootl  serum 
contains  a  ferment  possessing  this  power.  If  blood  senira 
contains  such  a  ferment,  or  if  the  liver  contains  one 
(and  both  arc  said  to),  then  the  amyloid  substance,  both 
ill  health  and  during  diabetes,  should  be  ti-ausfonned  into 
sugar  ;  in  truth,  such  H])pear9  to  be  the  case,  the  difference 
iKiiiig  that  in  health  the  sugar  is  oxidised  in  the  blood. 
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in  diabetes  and  glycosuria  it  is  voided  in  an 

iged  state. 

TIius,    in   spite   of  ull  the   researches   which  have 

made  on  these  vexed  questions,  we  are  left  without 

*»  pkusible  iheory  or  a  rational  treatnieut  of  diabetes' 

iThudichum).     Organic:  discascrs  affecting  the  brain  and 

cord,  cxteniid  injuries  to  the  brain,  and  txTtulu  in- 

lueocea  on  the  sympathetic  nervous  system,  are  known 

to  precede  diabetes,  and  perhaps  to  lead  to  it,  aiid 

observatiout),  supplemented  by  Iternard's  famous, 

'tnd  Pavy's  aWlhil  exjwrinienls,  would  st^'L'in  to  indicate 

thai  diabetes,  as  we  recoj^nise  it  in  ita  chief  characteristic 

[(the  presence  of  abnormal  quantities  of  sugar  in  the  blood 

urine),  represents  a  factor  of  interference  of  the  proper 

l/auctioDs  of  the  blood,  as  governed  solely  by  the  nervous 

sfstem.     It  becomes  therefore  of  great  and  necesstlatetl 

I  iosporCaace,  that  re-swircli  should  be  directed  tti  iherheni- 

and  anatomical  investigation  of  the  brain  and  other 

rous  centres  in  cased  of  death  from  diabetes  mellltiis. 

disease  seems  to  exist  in  many  forms  which  may  or 

[uy  not  be  related  to  the  same  original  causes,  but  in  the 

)ing  remarks  the  subject  has  been  treated  as  a  whole 

'for  the  sake  of  convenience,  and  in  order  lo  carry  out 

be  more  immediate  object  of  this  work,  viz.,  the  appli- 

ition  of  chemical  science  to  physiology  and  pathology. 


I 

i 


PART    III. 
KUTBITION;   OR  'WORK  AND  "WASTE' 


CUYUE. 


123 


CHAPTER  IX. 


CnVLK,    LVMPn,   AND   BLOOD. 
CHTLE. 

Chylb  is  the  digested  iluid  absorbed  by  llie  lymphatics — 

lor  lactcals,  as  they  are  called — of  i!ie  intestines.     These 

|Wt'?aIs  form  networks  in  the  walla  of  the  small  intc-sline, 

and  send  blind  prolongations  into  the  little   processes 

lenned  vilh.     The  lymphatics  have   trunks  which   lead 

llhrough  the  mesenteric  glands  and  discharge  themselves . 

fiulo  the  receptacle  of  the  chyle,  a  dilated  i)art  of  tlic 

lower  end  of  tlie  ihonicic  duct.     The  chyle  is  ultimately 

jjoured  into  the  general  circulation  near  the  junction  of 

the  Icfl  internal  jugular  and  subchivian  veins. 

A  laige  part  of  the  chyle,  while  yet  in  the  intestine, 
[is  absorbed  directly  into  the  blood-system.     It  constitutes 
,lhe  Huid  which   yields  to  the   blood  all  those  matters 
rhich  arc  necessary  to  mainlidn  all  parts  of  the  body  in 
la  proper  stale  of  uutrition»  and  to  atone  for  those  pro- 
cesses of  work  and  waste  which  we  shall  see  hereafter 
ooustitutc  the  estiential  conditions  of  life. 

It  in  an  opalescent  (Toaniy-lookiug  fluid,  deriving  its 
yellowish  white  or  slightly  red  colour  from  the  suspension 
lof  Catty  matters  in  the  form  of  an  emulsion.  It  also 
contains  fibrin,  or  a  form  of  principle  immediately  ante- 
jcedent  to  fibrin ;  hence,  after  removal  from  the  body,  it 
speedily  coagulates  in  the  same  way  as  blood.  Chyle  is 
of  an  alkaline  reaction  and  a  saHne  taste,  and  contains 
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potoflwum-  albumin,  utsein,  and  aGnDmidii,  abo 
Higar,  urea,  and  aUctdiae  salts,  besides  wliiie  and 
corpiuclca.    It  has  been  ooii)ecbired  that  these 
form  in   certain    lymphatic  glands  thrcn^   which 
chjlc  passes,  as  already  explained. 

It  appears  that  the  amount  of  fibrin  increases  as 
chylij  reaches  that  point  where  it  is  discharged  into  ti 
blw)d;  benoe  it  is  supposed  that  in  its  passage,  it 
f^radually  formed  from  the  albumin  present. 

The  falluwiog  analyses*  express  the  general  oom| 
eitioii  of  chyle  in  full  digesUou  and  while  fasting : — 


Wat«r 

BolU« 


Is  ran  ntwuos. 
91-8 

e-3 


Fibrin    . 

Albttmin 

ExtnetirH 

fklbi     . 


} 
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HcQsen   has   published*  the    following  analyses 
supposed  ihyle  ohl«ine<l  on  different  days  from  a  lym- 
phatic fistula : — 


Water    .  .010 

Albumin        .  1-7 

Fit  .  .  .  0-28 
AleohoUoextRHniTeM  (H)21 
Wlur  tzbietivM  0-101 
OholKlariu  ,  .  0-01  lii 
Aith  .  .  .  CMMd 
Iron  (ai»D)    .         .    &0033 


06-3 
3«     mMD  315 

3-m» 

0-183 

1-04 

0-ioa 

1-00    mean  0-768 


It  carmot  be  said  that  human  chyle  has  been  properq 
examined,  but  few  opportunities  presenting  thcmselvc 
for  effecting  its  complete  study.    Chyle  may  be  regards 
as  dilute  and  imperfectly  formed  blood ;  thus,  while  th^ 

<  [{alfv'ii  PhttnutiKjica!  CiifmUiry  (tuthon  uot  givnn). 
*  PBUger'a  ArrAie./.  i'AyfiWcyir,  x.  04-113. 
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of  a  horse  contains  22  per  cent,  solid  matter,  its 
hylc  ftimUlies  only  from  4  to  9  per  cent,  solid  matter. 
No  fibrin  is  found  in  the  chyle  as  it  is  absorbed  by 
Jlhelacleals  of  the  intestines,  an  observation  which  lends 
[probability  to  the  view  already  expressed,  that  it  is  formed 
in  itP  passage  to  the  thoracic  duct  from  tlie  soluble  albu- 
minous principles  present.  Among  the  exlrantives  not  only 
urea,  but  leurine  and  tyrosin  are  slated  to  have  been  found. 
The  ash  rewmbles  that  of  blood,  and  yields  c.hielly  potas- 
itum  salts ;  phosphate,  carbonate,  and  chloride  of  sodium^ 
being  also  present  as  well  as  a  little  calcium  and  magne- 
simn. 

Before  entering  the  blood,  chyle  is  always  mixed  with 
a  considerable  amount  of  lymph,  and  Bidder  has  calcu- 
lated from  »oine  experimtmts  on  animals,  that  in  an  adult 
man  there  are  discharged  from  the  thoracic  duct  into 
iJic  subclavian  vein  about  6'6  lbs.  of  tnie  chyle  mixed 
with  22  lbs.  of  true  lymph  in  twenty-four  hours.  The 
emulsive  state  in  which  the  fat  exista  in  the  chyle  has 
been  alluded  to  under  the  processes  of  digestion.  In 
certain  diseased  processes — for  instance,  chylous  urine — 
a  persistence  of  fatty  emulsion  is  observed  in  arterial 
blood,  and  occurs  also  in  the  disease  cited,  in  the  urine. 


LTMPH. 

Lymph  may  be  reganled  as  transuded  serum  of  blood, 
which  has  been  reabsorbed  from  the  tissues,  and  carried 
to  the  circulation  by  tlie  lymphatics.  Like  the 
lood,  it  is  alkaline,  and  consist<^  of  a  plasma  and  cor- 
puscles wliich,  however,  are  all  white;  it  contains  about 
5  p^  cent,  solid  constituents,  and  is,  indeed,  diluted 
blood-serum,  5'om  which  the  tissues  have  already  taken 
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what  they  require  for  their  proper  uourUIiment.     Tht 
serum  of  blood  coutaius  about  8  per  cent,  solid  matters! 
Il  is  calculated  that  a  quaDtify  of  fluid  equal  to  that  of 
the  blood  is  poured  daily  from  the   lymphatic  syster 
into  tlie  former. 

Lymph  constitutes  a  clear,  nearly  colourless,  or  slniw-- 
(xjlourcd  iluid,  aud  of  composition  veiy  like  to  that 
chyle,  except  that  it  contains  less  fibrin  and  fatly  matterj 
Its  fat  occurs  in  the  form  of  globules,  and  its  ash  present 
a  further  difference  from  that  of  chyle  by  having  a  pre- 
douiiuanue  of  suilium  salts ;  it  also  couloiiis  lactic  acid. 

For  the  purposes  of  ordinary  study,  it  may  be  obtains 
from  A  blister,  but  its  whole  constitution  is  not  well 
known  by  nsason  of  the  dlfllculLy  experienced  in  obttuninjE 
euJiicieut  quantity  in  a  healthy  state. 

lu  scroftila  aud  tuberculosis,  both  iympb  and  cliyle 
are  often   deranged   simultjineously  willi   the  di^s 
glands,  and  Thudichum  states  it  is  probable  that  improper' 
nutrition  lias  tlie  main  share  in  causing  tlicse  diseases  iOj 
many  children. 

BLOOD. 

Of  die  nutrient  fluids  contained  in  the  body,  blood  is 
from  every  point  of  view  the  most  iraiwrtant.     Khibo- 
rated  from  the  food  by  virtue  of  the  digestive  aud  olh( 
processes  already  described,  it  servos  to  supply  Ui  the^ 
body  fresh  material  in  place  of  that  which  is  worked  upj 
— worn  out — by  the  processes  of  life.     Il  also  diasolvt 
and  carries  away  those  products  wliich  result  from  th( 
processes  just  alluded  to.  and  it  is  tlirough  the  blood  that 
the  great  process  of  oxidation  by  respiration  is  effected  J 
Blood  consists  in  1000  parts  of  about  795  water   and' 
205  solids,  these  latter  being  made  up,  as  might  be  con-^ 
jectured  from  the  known  composition  of  chyme 
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tiyle,  of  albuiuiQ,  fibrin,  cx)lourJng  mutter  containing  iron, 
matters,  extractives,  and  salts.     But  inasmuch  as 
constitutes  the  drainage-system  of  the  body  also,  or  the 
which  ulworbd  the  effete  producU^  of  life-changes, 
latter  are  also  coiituined  in  it  and  complicate  its 
^eonstitulion.     Owing,  however,  to  our  imperfect  know- 
ledge of  the  real  steps  involved  in  the  wear  and  tear  of 
the  animal  tissues,  it  is  difficult  to  say  in  regard  to  some 
the  bk>od  constituentj*  which  are  principals  and  which 
'tre  excrement  it  io  us. 

Bl(X)d  is  of  an  alkaline  reaoliiui  and  saHne  taste,  with 

-specific  gravity  ranging  between  1050  and  1060.     As 

exisu  in  the  body,  it  has  a  temperatui'e  of  ZQb*'  to 

(■ST'S"  C,  a  fact  which  will  require  more  pai'ticidar  study 

hereafter,  in  considering  the  meaning  of  vital  force  ;  it  is 

sufficient  here  to  remember  that  animal  heat  is  primarily 

due  to  the  process  of  oxidation  which  is  incessantly  going 

I  on  in  the  human  economy.    The  temperature  of  the  blood 

not  uniform  throughout  the  body;  that  of  the  hepatic 

portal  veins  has  a  higher  temperature  than  ordiuary 

'tviious  bloixl,  a  state  of  things  referable  probably  to  more 

active  local  oxidation  (see  *  Functions  of  the  Liver,'  Chaj>. 

iVm.);  the  blood  in  the  right  ventricle  is  also  wanner 

Fthftn  that  in  the  left  one. 

The  difference  between  arterial  and  venous  blood  is 
slight  as  n^ards  the  composition ;  the  former  contains 
more  water  and  fatty  m^Ltter.  But  tliere  is  a  more  vital 
tliffereace  between  tlie  two,  consisting  in  the  different 
degree  of  oxidation — a  state  of  the  blood  which  depends 
upon  the  presence  in  it  of  the  red  colouring-matter 
(heEnato-crystalline),  contjiining  iron,  of  which  more  anon. 
The  coagulation  of  the  blood  which  occure  after  it 
has  been  removed  from  the  body,  and  whicli  sometimes 
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happens  in  di!<easc'  to  a  smaller  extent  during  life,  is 
phenomenon  not  yet  satisfiictorily  explained.    It  will 
studied  more  in  detail  hereafter. 

Besides  the   various  albuminous  matters   present 
blood,  viz.,  fibrin,  albumin,  globidin,  and  the  colourin 
matter  hji?mato-r,rystalline,it  contains  oleic,  stearic,  lacti 
hydrochloric,  phosphoric,  and  sulphuric  acids;  tliese 
more  or  less  in  combination  with  sodium,  potasjuum,  amm 
Dium,  calcium,  and  magnesium.     The  fat  present  in  hi 
amounts  to  about  2  per  cent.,  and  it  cont^vins  also  soa 
or  saponified  fats.    The  blood  also  contains  a  Httle  chol 
terine  and  a  phasphoriaed   body  identical  with  one 
many  similar  principles  contained  in  the  brain,  but  diflerci 
from  that  apparently  jtresent  io  the  bile.     The  blood 
contains  a  httle  nitrogen  in  a  dissolved  state,  and  oxy 
but  the  oxygen  is  mainly  held  in  a  sort  of  combination  wi 
the  colouring  principle.  Again,  the  carlxmic  acid  given  oj 
at  all  points  of  the  body  is  held  in  the  blood  partly  in 
dissolved  state  and  partly  as  carbonate  of  .^odium. 

It  is  intend«l  to  study  hereafter  tlie  chemical  coi 
stimtion  of  the  corpuscles  of  blood,  but  it  should 
statetl  here,  that  beyond  their  own  chemical  constituen 
H  certain  amount  of  a  matter  called  stroma  is  presen 
and  it  is  this  which  is  supposed  to  give  s}iape  to  th 
corpuscles.  Stroma  is  not  albuminous  in  nature,  bein 
soluble  in  ether,  alcohol,  and  chloroform  ;  but  it  contains, 
a  small  amount  of  fibrino-plastii^  subst^ince,  termed 
globuhn  by  Schmidt. 

The  total  amount  of  blood  contained  in  the 
varies  with  the  time  and  each  person,  and  is  difficult  to 
estimate,  but  ordinarily  it  appears  to  amount  to  about 
one-tenth  of  the  body-weight.    BischofT  has  more  recently 
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lined  the  quantily  at  77  per  cent,  of  the  weight  of 
body. 

i.  Steinberg*  haa  dcterramed  the  absolute  mass  of  the 
in.   various  animals,  and  he  gives  the  following 
ible  showing  the  relative  weights  of  the  blood  and  of  the 
ibttdies  of  the  animals  from  which  it  was  derived  : — 
lUbbita 1  :  1S-3-I3-S 

Ou)D«apijra 1:13-0-13  3 

DojTB 1:11-2  12-6 

Psn^ 1  :  ie-2-I7-8 

Ckto l:10-4-ll-9 

OaU  [oMdag 1  :  17-8 

Kittwa 1  ;  I7-3-I8-4 

According  to  Schmidt  and  Lehmann,*  the  following 
tables  represent  the  composition  of  blood-corpuscles  and 
tiquor  sanguinis,  but  how  far  these  were  p(?rfeclly  sepa- 
rated from  each  other,  and  without  prejudice  to  their 
Teiative  compositions,  it  is  difficult  to  stnte. 

Sf»a3e  pTBTitT  of  blood  oorpusclae,  1-0886 

}Q0O  pArtA  COUtUQ — 

W«ur  .    636O0 

Sa&dcaB«litu«nt«  312-00  contAiDinfrlTfinAliD  ....       16-75 

Qlnlijuliii anil  nell  tuBtubrana  28322 


n 

n 
II 

„        Fat  .        .        .        . 

231 

n 

M 

" 

„        Kxtraclivo  luattcn    . 

2-80 

r* 

n 

M 

„        Mineral  subetancos    . 

8-12 
312-00 

IW  nunanl  D)ttt«n  joclud 

i  Ohlorioe       .... 

]*0$6 

»• 

n 

■1 

Sulphuric  oxidt-  (SOj) 

0066 

*f 

n 

It 

PbnHi>h(inc  iiDlijilride  (PiO,) 

1134 

n 

m 

ri 

PotMeium    .... 

3328 

K           ff 

n 

n 

Bodiunt         .... 

1-053 

1            " 

n 

II 

Ox,V(f«u        .... 

0-067 

»• 

H 

Ik 

Calcic  phnsphata  .        ,        , 

0114 

»» 

n 

» 

Mognuic    „         .        .        . 

0W3 

1 
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■  Vt^vt't  Arehir.  ini.  LOl-187. 

'  HUlar's  Orgmk  CAt-mutr^,  3rd  Fdil.  p.  670. 
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SpMcific  gravity  of  liquor  wn^uinU  I'OSS 
1000  porU  conUin— 

W«t#r         .    002-tW 
SoM  coa- 
tlitueiiU  _ 


>    07-10  coiL*i*itng  of — 


4-OS 

1000-00     Albutnin  .        .    78-84 
Fat .  .1-72 

Kxtractive  maltflr  3-94 
Miueral  subsLancefl  8'£A  consistb^r  of — 

Olilorino 

0MO 


,  S-644 
Solphuricoxide(S03)011fi 
rhospboric     luihy 

driiJ»(P,0.)       .  O-IO: 

r-jtos^um               .  O-SSlI 

Sodium .        .        .  .1-341 

Oxytrea  .                 .  0-403 

Calcic  ]ihonphol«     .  0-311 

Magaeaic     „            .  0-223 


8-MO 


We  also  tuku  frDin  the  same  source  as  that  which 
furuiahes  the  two  foregoing  tables,  the  uext  one,  repre- 
Beuting,  accoi^ing  to  Becquerel  and  Rodier,  the  average 
composition  of  blood  iii  man  and  in  woman  : — 


Specific   (Uftvity    of  defibrinatad 

biwd     . 
Spttdfio  grarity  of  aenun 
Oampo«tiou— 

Water    . 

Filirin     . 

SeToIin*  . 

riiMpliorued  fax 

OhoketeriiiD    . 

SapoDiRed  fat. 

Albumin         • 

Blood  tiorpusclSB 

Extrsctiv*  matten 


I-O600 
1-0380 


WoiTum. 

1-0B75 
1-0274 


770 '00 
2  20 
0-03 
0-49 

0-oy 

1-00 

00*40 

14M0 

0-80 


781-10 
2-SO 
0-OS 
040 
0^ 
1-06 
7060 

127-20 
7-40 


1000-00 


1000  00 


*  Tfaia  may  ba  dian(r^«d.    It  is  t  name  ^vcn  to  a  Hulmtatipe  whig 
baa  Dcvar  been  analysed,  and  ii  luny  be  inclndBd  in  that  witli  wkich  it 
probably  identicat,  vlx.  fat,  in  soma  form  or  otlier.— Acmou. 
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Woau                   ^^^^1 

SwUcchloriOft                 .       .  '     910                     3-00                   ^^H 

Other  aolnblo  mIU  .                        SfiO                     2 00                   ^^^| 

Vjuthj  pbdiiplutaa  .                        0-33                     OUS                    ^^M 

Ima  in  lennk of  metal    .                0-67                     OM                    ^^^M 

6-50                     7-09                   ^^H 

The  extractives  consist  of  sugar,  urea,  krealiu,  krea-    ^^B 

taun.  lactic  acid,  uric  uciil,  hippuric  acid,  kucinu,  tyrosin,          H 

XUthinc,  anil  }iy}>oxaulMue.                                                        H 

G.  Bimge  has  recently  published'  some  Interesting          H 

uisljses  of  tlxe  blooil  of  pigs,  horses,  and  oxen,  which  wt^          H 

reproduce  here.                                                                           ^| 

I.  Depibrisatkr  Pio's  Blood.                                             ^M 

?a  1000  p*TU  of  blood  eorpusclu. 

Per  1 UOO  partn  of  serum.                              ^M 

W.t«-  ....    6S31 

W'fiter  ....     919-0                 ^| 

Sdid  e>ia*titaeQti 
UcjtHvlotio     . 

387-9 

Sslid  GonstitueaU     . 
.ybiuuio 

80-4                ■ 

261-0 

67-7               H 

AQNUsia  . 

861 

Othor  nrgnnic  siibstAitCM 

■ 

Utfcer  orgnnir  sabrttancei 

120 

Inorg&ntc  suLetAnces 

7-7               ■ 

8-9 

PotAsb  . 

0-273            S 

1         PMai^. 

6543 

Sudii     . 

4-372            ■ 

UagnetoA 

0158 

Lime    . 

oisn          ■ 

CUorise 

1'004 

Mngnta& 

0-0^8             H 

Pboipboric  Acid    . 

s-oe? 

Uxidv  of  iron 

0-011        M 

Clilorino 

s-eii        ■ 

Pbospboric  Kuid 

oisa    ^B 

n.  DsriBRDtiTCD  Uonsx')  Blood.                                  ^^^H 

yn  1000  p«rtA  of  blood  corpuaclo*. 

Per  lUOO  ;mjU  of  •erum.                      ^^^| 

W.t«-     ....     flOBO 

Water    ....    89S-«            V 

BoUd  cwostttueDts               .    3911 

Solid  conatituflDta               .    103-4             ^| 

PntMb    ....         4t>3 

Potsab    ....        0.37           ^M 

r    oyckriiie-        ...        1-83 

Sodft       ....        4-4.^           H 

h 

_  .  .  .  ..  ■ 

^^^^H                  *  Znttehrtftf.  Bi<dofit,»Jl  191-316.                                    ^^^| 

^^^^H                        ■  s                                      ^M 
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ni  Dbpibrixated  Ox  Blood. 


Per  1000  puu  of  blood  corpuscles. 

P«r  1000  paTU  of  frcrum. 

WbUsf  . 

.    0S&-9 

Water  . 

dl3-3 

Solid  cotutitu^sta 

.    4fll\-l 

Solid  coDstitueDto     . 

88-7 

HMmoglobia    . 

.     «W-5 

Albamin 

.      73fti 

AlbBmln  . 

.    107-3 

Ulbur  organio  mibat«iic«s 

0-«! 

Otbfir  organic  nib«t&iioe«          7-S 

laargaaic  Bubetaacw 

7-9 

Inorganic  aubatuiees 

4'S 

Pouab . 
Sod*     . 

0-30 

Totufa  . 

0-747 

4.31 

SodK     . 

2-093 

Lime    . 

0-U 

Mntrnosia 

0-017 

Magnuoa 

wn 

Cblorioe 

1035 

Oxide  of  iron 

osK 

Phosphoric  acid 

.        0703 

Chioriuo 
PboBfiborie  arid    . 

8^ 
0« 

The  liquor  sanguinis  raeaiia  semm  holding  fibrin  i] 
solution  ;  senini  being  that  part  of  the  blood  which  is  U 
when  tlie  fibrin,  enclosing  in  ils  meshes  the  corpuscle 
has  been  separated  by  spoutaueous  coagulation, 
perum  produced  by  whipping  blood  is  a  less  perfect  on( 
inasmuch  as  it  contains  more  corpuscles  than  the  form* 
one.     The  mixture  of  fibrin  and  corpuscles  which  foi 
on   spontaneous   coagulation   is  oflen  named  cruvr 
crassamentum. 

The  serum  produced  in  this  last-mentioned  process  is 
a  straw  or  faintly-rwl  coloured  transparent  liquid,  ex- 
ceedingly liable  to  putrefaction  Its  composition  is 
tolerably  well  expressed  by  the  tables  given  above,  after 
deducting  the  fibrin  included  in  the  liquor  sanguinis. 
Among  its  albuminous  constituents  exiats  paraglobulin, 
fibrinogencous  matter,  and  some  sodium-albumin  or  se- 
rum-casein, as  it  has  been  designated,  and  a  little  potas- 
Hum-albumiu.  Seralbumin  projier,  however,  enters  most 
largely  into  its  albuminous  constituents;  while  fibrin, 
which  is  a  more  complicated  body  than  albumin,  is 
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apposed  to  "be  produced  in  coagulation  (Schmidt)  by  the 
achon  of  paraglobulin  upon  fibrinogcueoua  substance. 

Blood  in  life  contaios  rather  leas  than  half  its  own 
volume  of  gapcous  matter,  consisting  of  oxygen,  carbonic 
Kid,  and  nitrogen. 

Of  the  Sugar  present  in  Blood. — That  sugar  is  a 
normal  coasiitueut  of  blood  might  be  inferred  from  a 
knowledge  of  the  various  processes  occurring  in  the 
festive  apparatus,  which  result  iu  the  transformation  of 
Rarchv  matters  into  sugar.  For  the  detection  of  this 
priuciplu  iu  the  blood  there  are  several  methods  more  or 
leas  reliable. 

One  recommended  by  Bernard  consists  in  making  the 
blood  into  a  paste  with  animal  charcoal,  addition  of  a 
Hule  water,  and  iiltration.  The  filtrate  should  be  colour- 
Vb,  and  Trommer's  test  for  sugar  may  be  then  applied 

toil. 

In  another  niethotl,  the  blood  is  precipitated  with 
much  alcohol,  and  the  precipitate  eslracted  with  toler- 
ibly  strong  spirit;  from  the  combined  solutions  the 
alcohol  \&  distilled  off,  and  the  residual  watery  solution 
tested  for  sugar.  Both  these  methods  remove  albumin 
■nd  colouring  matter,  and  some  other  matters  which 
nngfat  interfere  with  tests  for  sugar 

Moore's  test  is  only  ruliablL*  wIkmi  the  sugar  is  present 
in  considerable  amount ;  it  consist.*;  in  boiling  a  solution 
(after  appljring  one  of  the  two  foregoing  methods  to  blood) 
with  strong  potash  or  soda,  when  the  presence  of  sugar 
b  revealed  by  a  colour  which  is  first  yeHow,  then  reddish, 
and  finally  black  or  brown. 

Buttcher's  test  consists  in  the  aildiilon  of  a  pinch  of 
of  bismuth  or  its  subuitrate  to  tKe  suspected  solu- 
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tion,  previously  rendered  aJkaline  by  a  large  excess 
potasli   or  soda.    The  fluid,  in  the  presence  of  sugar, 
heroines  black  or  dark  grey  ou   boiliug,  owing  to  the^ 
reduction  of  the  bismuth. 

The  fermentiititin  teat  for  sugar  is  well  known. 
given  quantity  of  solution  is  maintained  in  a  sniitablo' 
vessel  at  35°  C.  in  contact  \vith  a  little  yeast.  Any 
carbonic  anhydride  wliicb  is  evolved  niaj'  be  caught  in 
baryta  water,  and  the  precipitate  of  b;iric  carbonate  after- 
wards isolated,  dried  at  100*,  and  weighed ;  while  the 
alcohol,  if  any  be  produced  in  the  solution,  may  be  dis- 
UUed  off,  made  up  to  the  original  volume  of  the  solution 
employed,  and  its  specific  gravity  taken.  By  these  Tnean? 
the  amount  of  sugar  may  be  estimated.  The  ulcohol 
may  be  detectet]  tjualitatively  by  adding  a  little  pol>issic 
bichromate  solution  acidified  by  sulphuric  acid,  flnd_ 
boiling ;  alcohol  turua  the  solution  green  by  reduction. 
Sugar  may  be  estimated  by  the  ordinary  process,  whicl 
consists  in  the  reduction  of  a  standard  Fehling's  solution^ 
or  by  boiling  with  excess  of  Fehling's  solution, and  isolatii 
the  cuprous  oxide  thus  formed,  converting  il  into  cuj 
oxide  by  ignition  and  weighing. 

Amount  of  Sugar  present  in  Bhod.-^from  the 
determinations  made  by  Lehmann  and  Dupr^,  the  per- 
centage of  sugar  present  in  normal  healthy  blood  is 
extremely  small,  and  generally  amounts  to  0'04  per  ceutj 
only. 

In  a  recent  paper,'  C.  Bernard  sliowa  that  siigar  is 
vittti  constituent  of  blood,  and  exists  in  quantities  varyii 
from  1  to  3  parts  per  1000.     It  rapidly  disappears  froi 
the  blood  after  death,  and  so  also  from  blood  which  hi 
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been  •withtkawn  from  the  body.  Thus  Bernard  found  in 
the  bl»>od  of  a  dog  aa  much  as  107  parts  per  1000, 
immecliatcly  after  drawing  it  from  the  body,  but  after 
standing  five  hours  it  had  diminished  to  0*44  parts  per 
1000,  and  after  twenty-four  hours  it  had  totally  dis- 
appeared. BeniJird  also  shows  that  arterial  blood  con- 
tains more  sugar  tlian  venous  !)lo(id,  ils  the  following 
results  indicate. 


I 


Dog 


(ui). 


8ninir  ji^r 
Artrrinl  Bkwl. 

Vniou*  Bldud. 

.     145     . 

.    1'24    . 

.  Mr  . 

.    073 
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Finally,  Bernard  claims  to  have  traced  the  production 
of  the  sugar  found  in  blood  to  the  liver,  but  of  this  part 
of  tlie  subject  we  have  already  treated. 

Since  the  publication  of  Bernard's  pnper,  Dr.  Piivy 
has  communicated '  to  the  Royal  Society  two  papers  re- 
lating to  the  sugiU*  found  in  blood  and  it:i  determiuatioji. 
Hia  method  consists  in  properly  preparing  the  blood  by 
coagulation,  filtration.  &c.,  and  then  boiling  the  soluliou 
with  excess  of  potassio-tartrate  of  cojipcr.  The  suboxide 
of  copjier  thus  obtained  is  oxidised  by  a  few  drops 
of  peroxide  of  hydrogen,  dissolved  in  nitric  acid,  and 
from  this  solution  the  copper  is  electrolytically  deposited 
on  a  platinum  spiral  and  weighed.  It  is  only  the  appli- 
■iHition  of  this  method  that  Br.  Favy  can  claim  as  new, 
and  indeed  barely  that,  inasmuch  as  chemists  have  long 
been  acquainted,  and  have  used  every  particular  in  this 
method.     Pavy  then  claims  to  have  demonstrated  tliat — 

1000  parts  of  dof's  blood  contwiis  no  averBge  of  07S7  parte  sugu-. 
1000     „      Bbwp'B    «         ,.  ,.  Ofiai 

baUoek'« 
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He  contrasts  these  results  mth  those  obtiiiued  by  Bernarc 
uiul  iiu:3cribtid  above,  mid  alsu  states  that  ha  has  obtjervt'd 
no  diiTerence  in  the  amount  of  sugar  present  in  arterial 
and  venous  blood ;  but  he  agrees  with  Bernard  on 
diminution  and  ultimate  entire  disappearance  of  the  sugj 
ii)  blood,  after  death  or  after  witlidrawal  fn)tii  the  body>| 

It  is  not  possible  to  decide  -whether  Bernard  or  Pavj 
is  rigLt  in  tliu  iniULers  when;  they  disagree,  until  raoi 
work  of  a  chemico-mathematical  order  shall   be  fort 
coming. 

Blood  Corpuscles  and  their  Chemical  Constitution.- 
The  corjmscles  of  the  blood  arc  of  a  twofoM  ehanu-terj 
viz.,  red  and.  colourless,  but  the  latter,  while  larger  ii 
size,  are  fur  less  numerous  than  tlic  former. 

The  red  corpuscles  are  llattened  circular  disks,  haviuf 
an  average  diameter  of  's^\^  of  an  inch,  and  a  thicknt 
of  alwut  one-fom*th  of  this.     From  this  it  follows  th< 
more  than  10,000,000  will  cover  only  one  square  ini 
and  it  Ims  been  calculated  that  a  cubic  inch  of  bit 
coulaius  no  fewer  than  70,000,000,000  corpuscles.     The 
culourless  corpuscles  have  an  average  diametei-  of  j  ^(,  a 
An  ineli. 

The  red  corpuscles  are  soft,  flexible,  and  elusti 
bodies,  and  arc  semifluid  in  the  centre,  where  globulin  ii 
Iield  in  solution ;  they  derive  their  colour  from  a  specia 
substance  found  nowhere  else  in  the  body.  By  exposure 
to  carbonic  anhydride,  the  red  corpuscles  swell  out,  wUil< 
oxygen  flattens  them. 

Colourless  corjiuscles  are  constantly  vibnuiii^ ;  *  undei 
going  active  contraction,  or  being  passively  dilated  bj 
the  uonlraclion  of  other  pai'ls.*^ 

'  Uuxlej,  Litumt  in  JSemeniary  PAynolvpy,  p.  6S. 
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II  appears  certain  that  iho  red  corpuscles  arc  ia  some 
^ntj  or  the  other  derived  from  the  colourless  ones,  but 
the  exact  cbouges  and  steps  have  not  been  ascertained  ; 
even  the  origin  of  the  culoiirlcss  ones  u  uot  known, 
although  it  b  supposed  that  they  are  formed  in  the  duct- 
less glands,  and  (Kiss  as  lyiuph  corpuscles  into  the  blood. 
The  colourless  corpusclea  increase  in  cumber  after  eating, 
ftnd  diminish  between  the  meals. 

The  corpuscles  of  blood,  which  are  heavier  than  the 
plasma,  are  best  isolated  by  treating  dcfibrinated  (by 
whipping)  blood  with  its  own  volume  of  a  solution  of 
common  salt  consisting  of  a  saturated  sohition  diluted  ten 
times.  The  mixture  is  stirred,  and  then  put  on  one  side 
to  settle ;  when  the  corpuscles  have  deposited,  the  super- 
D&tant  Uquor  is  decanted,  and  the  deposit  washed  by 
decantaiion  with  a  simil:\r  solution,  of  salt,  and  in  this 
way  the  corpuscles  are  obtained  free  from  serum.  They 
oonsisl  of  stroma  or  colourless  skeleton  containing  liaimato- 
cryrtalline  (hiemaglohulin),  a  little  cholestcrine,  a  phos- 
phoriscd  body,  puraglobuliii,aud  salts  consisting  chiefly  of 
potassic  chloride  and  sodic  ]>hosphale.  The  struma  is 
insoluble  in  water  and  salt,  but  easily  soluble  in  ether, 
chluroform,  and  alkalies ;  so  that,  wheu  washed  corpuscles 
are  shaken  up  with  water  and  ether,  the  stroma,  cho- 
leKcrine,  and  falty  matters  are  taken  up  by  the  ether, 
while  the  colouring  matter  of  the  blnod  is  libemtcd  and 
dissolves  in  the  water.  The  filtered  aqueous  solution 
crystallises  ouexposure  to  a  temperature  of  —5"  to  —  lO^C, 
but  sometimes  it  is  necessarj'  (for  instance,  when  the 
hlood  is  fi-om  birds)  to  add  alcohol  before  crystidlisation 
casuea.  The  deposit  from  the  blood  of  man,  the  ox,  and 
iheep    is,    however,   amorphous,  but   in    every  case  it 
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consists  of  haeraatocrystalline.    The  cholesterine  may 
extracted  from  tlie  corpuscles  separated  from  the  bl< 
aa  described,  by  means  of  alcohol ;  it  is  easily  recogi 
and  is  accompanied  by  a  phosphorisfed  body.     Hoppi 
Seyler  has  estimated  that  the  corpuscles  present  in  100 
of  blood  contain  0'04  to  0-06  grm.  cholesterine.     Blooc 
crystals  from   man   consist    of  four-sided  prisms   wit 
dihedral  summils,  and  when  from  other  animals  they 
also  of  a  rhombic  character,  but  the  precise  form  diflci 
These  crystals  contain  0'4iJ  per  cent,  iron,  and  an£ 
l^'ses  invariably  lead  to  an  atomic  weight  for  the  moleciiU 

ofl3,280»and  to  the  formula  CflooHaBoFeNinSsOKT.  Hffimat 
crystalline  is  insoUible  in  alcohol,  chlorufonia,  ether,^ 
benzene,  and  other  solvents,  but  readily  soluble  in  water 
and  alkahuc  solutions.  Notwithstanding  the  large  size  of 
the  molecule  of  hiematocrystalUne,  there  appears  to  be 
little  doubt  of  its  individuality,  inasmuch  as  the  percentage 
of  iron  is  a  constant,  and  its  other  properties  confirm  the 
fact.  It  contiiins^  therefore,  or  consists  of  the  following 
proximate  principles :  an  albuminous  substance  which, 
when  sepixrated,  is  amorphous  and  colourless,  and  a  crys- 
tallini!  boily  mimed  hemaline.  Of  the  first  of  the  sub^ 
stances  nothing  is  known,  but  many  researches  have  been 
made  relative  to  the  second.  To  obtain  it  in  a  crude 
state,  the  process  of  Wittich  is  most  applicable,  and  this 
consists  in  treating  blood  with  seven  times  its  bulk  of  a 
cold  solution  of  potassic  carbonate,  containing  one  part 
by  weight  of  the  salt  in  two  parts  of  water.  The  mixture 
is  filtered  through  calico,  then  pressed  and  afterwai-ds 
heated  with  alcohol  to  free  it  from  the  excess  of  potassic 
carbonate,  and  then  dried.  It  is  now  extracted  with 
alcoliol  at  40*  C,  and  the  extracts  are  treatetl  with  ai 


UKillNE  A.VD   USMATIXE. 


139 


]  volume  of  absolute  alcohol  containing  tartaric  acid 
ia  tdlulion.  In  this  way  tlie  potash  is  precipitated,  and 
Ae  hetiiine  remains  dissolved,  but  is  prccipitat*^  on 
cooling  (after  concentratioa  of  the  filtrate)  in  minute 
bluish  black  crjrstJils  consisting  of  rhombic:  plates. 

Thudichum  and  Kiugzett'  have  analysed  these  cryslals 
lOiA  obtained  from  them  their  proximate  constituents,  for 
thus  isolated  they  are  not  constituted  of  one  individual 
ibelance. 

Stuci^  of  AnaljWB. 
<">  ff)  (0 

Iron       ...        .    7677  7(J26 

Ohterine         .        .        .    308  3-06  3-OM 

Pboophons    .        .        .    O'CeeQ         0-S105         0'6470 

Now  hcmine,  as  this  s\ibstance  is  termed,  has  been 
ered  aa  a  hydrochloride  of  hematiue,  but  these 
of  a  perfectly  crj'stal line  substance  show  that  the 
,ce  cannot  be  regarded  as  a  chemical  individual, 
as  a  mixture  of  two  or  several  matters. 
From  the  fact  of  its  taking  up  hydrochloric  acid  when 
exposed  to  a  current  of  that  gas,  it  is  seen  that  'hemine  ' 
must  contain  free  heinatinc.  Preyer  in  hla  treatise  on 
hlood-crystalfi  states  that  licmino  dissolves  in  nitric  acid 
>ith  decomjwsition,  and  that  ammonia  throws  down 
white  hydniicd  ferrous  oxide  from  the  yellowish  aohition. 
This  etatement,  in  itaelf  inere diblp,  because  ferrous  oxide 
Hcuinol  exist  in  a  nitric  acid  solution,  is  shown  by  Tlmdi- 
Hchiim  and  Kingzett  to  be  incorrect  in  its  entirety.  l*reyer 
■  must  have  mistaken  the  precipitate  yielded  by  mere  dilu- 
P  lijo  of  the  nitric  acid  solution  for  one  yielded  by  ammonia, 
because  the  precipitate  is  entirely  soluble  in  excess  of 
ammonia  and  contains  the  original  amount  of  iron. 

do   Hcniiov,  Ilemaline,  and  a  PIioapboriMtd  Sulxtanra  containi^d  In 
Corpiwclee.     J»uri:  Cfinn.  Soc.,  SepUjniber  ItiZU. 
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C.  Paquelin  and  L.  Jolly,^  in  a  paper  on  tlie  colour! 
matter  of  blood,  have  stated  that  it  iloes  not  ronlain  iron. 
Iq  former  papers  they  claimed  to  have  demonstrated  that 
the  iron  present  in  blmjd  corpuscles  exista  as  Irlbasic 
ferrous  phosphate^  aud  in  the  paper  cited  they  undertake 
to  substiiiitiate  their  former  proposition. 

Tliudichum  aud  Klngzett  have  repeated  the  expei 
mcnt  of  Paquelin  and  Jolly,  but  with  no  confirmation 
their  rcsullj*.  The  errors  of  the  French  cheniista  ai 
made  perfectly  manifest,  and  other  important  results  ai 
eatablisheO.  Thus  it  la  eliowu  that  by  acting  upon  bemii 
with  a  mixture  of  acetic  and  citric  acids  under  the  con 
ditious  stated  by  Paquelin  and  Jolly,  its  composition 
not  affected  ;  but  by  extracting  it  with  benzene  and  ftceti< 
acid,  a  certain  amount  of  hcmatine  goes  into  Bokition, 
while  the  larger  quantity  remains  undissolved,  and  is 
freed  from  the  phogphorised  impurity  by  means  of  the 
beuzeue  which  dissolves  the  latter.  The  undissolved 
portion  in  fact  proved  to  be  probably  the  purest  licmatinc 
ever  made,  and  £»ave  ou  analysis  the  formula  CjjHjjFeN^Oc. 
The  benzuue  aud  acetic  acid  extracts,  after  freeing  from 
benzene  by  distillation,  left  a  black  viscous  matl«r  which 
proved  mostly  soluble  in  hot  absolute  alcohol,  and 
deposited  therefrom  on  cooling  iu  a  perfectly  white  form. 
Its  alcoholic  solution  gave  combinations  with  jiiatinum 
chloride,  ciidmic  chloride,  and  lead.  The  cadmic  chloride 
salt  was  recrystallised  from  alcohol  aud  analysed,  when 
the  fact  of  its  identity  with  one  of  the  phosphorised  con- 
stituents of  brain-matter  was  established.  This  is  shown 
by  the  following  comparison  of  the  analytical  fifjures. 

>  ComjU.  Send.  70  (1674),  818. 
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PboqihoriMd  Priiio()itt  bxiin 
Blood  CalTNUch* 

.   11-oa 

.      3-30 

.      4-13 

.        .    15  72 


tmat  Timia ' 

64'6fi 

II.'W 

3-11 

4-1.5 
ia-78 


The  cadmic  chloride  comp>und  gave  the  fonnula. 
(^n,„X,P,0„.2{CdC%). 

This  is  the  first  time  ihnt  the  isolation  and  analysis  of 

any  definite  phosphorised  principle  <.if  the  blood  has  been 

i-flected ;  at  tlie  same  time  the  method  of  isolallou  would 

not  preclude  the  presence  of  yet  other  similar  compounde 

I  (see  *  Brain  Chemistry'  hereafter). 

To  return  to  the  consideratioD  of  hematine,  it  will  be 
Iseen  that  the  formula   of  ThudichuDi  and  Klngzetl  is 

[e,FeN«0,.     Hoppe-Seyler,  after  abandoning  several 

ietiea  of  formida,  now  gives  Cj(Hs,NiFeOs,  but  the 
afore-named  chemiats,  in  a  criticism  of  his  analytical 
results,  ahow  that  this  fbmuila  is  not  absolutely  trnst- 
worthy.  Thus  he  found  an  excess  of  nitrogen  for  his 
theory,  and  explained  it  as  due  to  an  absorption  of 
ammonia  from  the  air  while  washing  on  a  filter.  This 
could  not  be,  for  so  sensitive  h  heraatine  to  ammonia, 
:  tlmt  the  presence  of  mere  vestiges  in  the  air  causes 
heraatine  at  once  to  elisiolve  and  (o  pass  through  the 
filter.  It  is  revealed  by  its  colour,  and  may  be  reprecipl- 
lated  by  a  trace  of  at'eiic  add. 

The  colouring-matter  of  the  blood  has  had  assigned 
to  it  so  many  names,  as  also  those  proximate  principles 
which  are  derived  from  it  as  described,  that  it  will  be 


*  Ktport  Mfdiad  CfgUxr  of  the  Pricy  Coimcii,  &e^  New  Serial,  No.  iii, 
(1874),  174. 
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best  to  present  tlie  facts  iu  a  form  which  will  euuble  t\ 
memory  to  retain  a  true  regard  of  their  position. 

Haimatocryatalliae  or  hsemoglobuliu  is  the  colour 
matter  of  the  blood ;  the  formula  for  it  i8CwoHg„oFeN,„?jO„.7 
This  conaists  of  hcniutiiie  aud  idbuminous  mutters.     From 
the   blood  there  may  be  obtained  hemine.  a  substanct,* 
primarily   consistiug   of  bematiae,   but   containing   nho 
hydrochloride  of  hematine  and  a  phosphorised  priucipU 
When  hemine  is  .submitted  to  the  pnx'ess  described 
Tbudichum  and  Kiugzett,  pure  bcmatine  is  obtained  from' 
it  of  the   formula   CwIIj-jFeNtOc,  and  the  pho.sphorLsed 
principle  is  isolated  in  a  pure  state,  and  foimd  to  be  ideu-j 
tical  with  one  present  in  brain-mat t*jr.  ^M 

General  Character.^  of  Ilemntine. — Heraatine  ia  in- 
soluble iu  water ;  it  is  also  insoluble  iu  ether  when  neutral^ 
aud  but  slightly  soluble  in  alcohol.  It  readily  dissolves 
in  caustic  alkalies,  particularly  ammonia,  aud  also  in  acid 
or  alkiiliue  alcohol.  ^ 

Hoppc-Seyler  has  assigned   the   name  hrcmato-pop^ 
phyrin  to  a   substance  said  to  be  free  from  iron  and 
obtainable    from    hematine    by   treatment   with   strong 
sulphuric  acid,  but  no  proof  of  this  fact  has  ever  been 
presented,  that  is  to  say  it  li:is  never  been   shown   bi 
analyses   that   the  preparation  is  free  from   iron.     Th< 
same  author  also  states  ^  that  by  the  action  of  tin  anc 
hydrochloric  acid  and  other  reducing  agcnta  upou  at 
alcoholic  solution  of  heiuatiue,  a  yellow  colouring  matti 
is  obtained  agreeing  in  properties  with   the  urobilin 
Jafic   and  the  hydrobilirubin   of   MiUy.      Hoppe-Seylt 
heads  his  paper  *  Formation  of  the  Colotiring-matter 


»  J)aa.  Oiem.  G»  Ser.  riL  IWJO. 


COLOrBTKG   MATTERS  FROM   BLOOD  AXD   TTHINE.      143 


Urine  from  Blood/  but  for  such  a  title  there  is  no  juatifi- 

cation.     The  urobilin  of  Jafle  is  a  mixture  and  has  never 

been  analysed ;   the  hydrobilii-ubiii  of  Mtily.  whatever  it 

may  be,  is  not  yet  established ;   Iloppe-Seyler  gives  uo 

analysis  of  his  product,     Indcwl,  in  regard  to  the  many 

mere  ataiemenia  made  of  late  years  by  various  authors 

u    relative   to   the  assumed   identity   of  colouring-niattera 

^bp^scnt  in  the  blood,  tlie  bile,,  aud  the  urine,  it  may  be 

Bfliid  with  all  justice  that  such  identity  has  not  received 

"  a  single  analysis  in  its  favour  or  a  single  proof  of  its 

truth.     It  is  for  similar  reasons  that  luatiy  papers  bearing 

on  physiological  chi'mistry,  but  totally  unsupported  by 

analytical  data,  are  not  noticed  in  this  work. 

A.  B^hamp,^  for  lustauce,  has  described  a  process 
for  obtaining  heinatine  in  a  pure  and  soluble  form,  but 
that  his  product  is  pure  is  not  sustained  i)y  any  analytical 
or  other  evidence.      Defibrinattid  blood  is  mixed  with 
watei'  aud  precipitated  by  lead  acetate,  aud  basic  lead 
acetate  containing  10  per  cent,  of  solution  of  ainnionia, 
successively.     The  filtrate,  yet  contaiuiiig  the  blood  ])fg- 
ment,  ia  freed  from  leml  by  carbouic  anliy<lride  or  car- 
bonate of  ammonium,  and  dried  at  35*  to  40".     The 
;     garnet-coloured  hmiina;  contain  a  little  ammoriiiun  car- 
^bouate,  acetates  of  the  alkalies,  and  probably  ui-ea.     To 
Hiree  from  these,  the  red  solution  after  the  basic  lead  pre- 
Hdpitate,  is  mixed  with  half  its  volume  of  50  per  cent. 
alcohol,  aud  is  then  again  precipitated  with  ammoniacal 
lead    acetate.      The    brick-red    preci])itate    is   isolated, 
washed    willi  40  ]ier  cent,  alcohol  (out  of  contact  with 
carbouic  anhydride),  mixed  willi  water,  a  little  ainmonic 
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carbonate  added,  and  then  decamposed  by  mcaot^ 
carbon  dioxide;  the  filtered  soluticm  coagulates  at  61' 
and  must  be  dried  below  that  temjierature  to  obtain  the 
'pure  solid  pigment.'  But  what  is  meauL  by  Mhe  pure 
solid  pigment,'  «nd  what  it  is,  is  not  shown. 

Ales.  Schmidt*  asserts  that  the  colouring-matter  of 
the  blootl  has  nothing  lo  do  with  its  coa^iktion,  but  that 
this  has  its  source  entirely  in  the  protoplasm.  Hcma- 
tine  and  hiema to- crystalline  occur  in  the  urine  in  cruentu- 
resis  (paroxysmal  haematuria)  ;  while  a  diminution  of 
heematocrystalline  lu  the  blood  eonslitutcs  the  diseas^— 
termed  *  chlorosis '  or  '  anasmia.'  V 

The   Coagulation   of  Blood. — Of  all   the  properties 
exliibitetl  by  blood,  the  most  remarkable,  perhaps,  is  its 
power  of  coagulation.     This  act  generally  sets  in  after 
the  blood  has  been  removed  from  the  body,  in  from  four 
to  five  minutes,  but  it  is  retarded  by  exposure  to  a  low 
tcmjKjnituru,  and  when  kept  at  0"  will  not  coagulate  at^ 
all ;   it  is  accelerated  by  an   increase  in   temperaturcfl 
taking  plneo  most  readily  at  aliout  38°  C.     The  coagu> 
laliou  is  prevented  by  allowing  the  blood  to  flow  from 
the  w-in  into  alkaline  solutions,  or  concentrated  solutions 
of  various  salts,  such  as  potassic  nitrate  or  sulphate  and^v 
acetate  of  sodium.      In  certain  cases  of  sudden  death,^ 
the  blood  also  appears  to  lack  its  power  of  spontaneous 
coagulation.  ^| 

Contact  of  the  blood,  as  it  is  withdrawn  from  the^ 
body,  with  non-living  inailtT  promotes  coagulation,  while 
direct  contact  of  hving  matter  retards  or  entirely  prevents 
its  coagulation.     Thus,  if  it  be  kept  in  a  portion  of  a  v 

PBi^et'i  Ankio-f.  Phyt.  \x.  S63-367. 
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tivd  at  both  ends,  it  remains  fluid  for  a  long  lime.  Still 
more  remarkable  iii  the  faot  that  bU)ud  not  only  is  not 
coa^Iatcd  when  poured  into  the  excised  heart  of  a  turtle, 
but  iKilidified  blood  becomes  fluid  again  under  those  con- 
<litioas  and  remains  60>  as  long  as  the  heart  lives,  which 
it  docs  for  some  hours  or  days  after  excision.  The  Ii\ing 
surfaces  of  blood-vessels  are  therefore  the  agencies  which 
preserve  the  fluidity  of  the  blood ;  but  as  yet  we  do  uot 
even  know  the  rationale  of  the  process  of  coagulation. 

It  is  certainly  known  that  when  blood  is  allowed  to 
stand  it  becomes  solid,  and  the  solid  matter  thuti  coagu- 
lated encloses  in  ita  meshes  the  blood-corpusclos.  The 
same  solid  substance  is  obtained  by  whipping  the  newlv- 
drawu  blood,  and  may  be  obtained  white  by  washing 
with  water  to  free  it  from  blood-corpuscles.  This  sub- 
is  called  fibrin,  and  fibrin  appears  to  be  a  more 
complex  substance  than  seralbumin,  since,  on  the  one 
hand,  it  seems  to  be  elaborated  from  iilbuniin,  and  on 
the  other  hand,  to  yield  that  substance  under  certain  slight 
decomposing  influences.  But  what  is  not  yet  decided  is 
this :  has  the  fibrin  existed  previously  io  the  blood  in  a 
state  of  solution,  or  is  it  a  synthetical  product  under 
dunged  conditions?  Tlie  most  acceptable  explanation 
of  the  coagulation  of  tlio  blood  originated  ■witli  Alex. 
Schmidt.  He  supi>o«cs  that  blood  cxmtains  two  sub- 
stances, viz.,  fibri no-plastic  substance  or  paniglobulin, 
contained  in  the  serum  and  corpuscles,  and  fibrinogen 
also  contained  in  the  serum  and  other  fluids  of  the  body ; 
be  further  supposes  that  these  two  substances  have  the 
power  of  combining  to  form  fibrin.  Now  it  is  quite 
true  that  in  a  sense  such  substances  may  be  isolated  and 
behave  &a  indicated  when   they  are   brought  together. 
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TKe  glfjiniljn  or  pan^vbulio  of  blM4<vrpii9deB« 
added  to  mtoiw  ioftinoiu  (eurii  aa  fajrdrooele  Hand  or 
of  peiicardia],  pleural,  or  peritoneal  exndatai 
Hht'in.    It  doe*  eo  cbicflr  in  a  veaklv  alkafioe  so 
Ikm ;  Btroog  acid«  ami  alkalies  compleleh'  suspend 
BCtiou,  but   ii  does  not  lose  its  power  by   diriog 
fcoeping  in   alcohol.      The  substAnoe  contained  in 
aeroua  iufusionSf  and  upon  which  the  para^obulin 
may  alw  be  isolated  ;  but  what  is  yet  wanted  before 
hypothesis  of  the  cause  of  coagulation  of  blood  can 
accepted,  is  the  establishment  of  accnrute  formuhc  for 
two  substances  supposed  to  be  concerned,  and  the 
proof  of  their  ajtnbination  in  luuleculir  proportions, 
ift  ^xwiblc  that  the  paraglobutin  acts  as  a  ferment 
contact  action,  but  whatever  be  the  explanation,  another 
explanation  must  be  provided  to  show  why 
docs  not  o(»'ur  in  the  Uviiig  blood-vessels. 

In  another  paper,'  A.  Schmidt  claims  to  demonstrate 
that  the  colourless  corpuscles  of  tlie  blood  constitute  the 
true  source  of  fibrin  ferment,  or  rather  that  they  become 
so  as  soon  as  the  blood  has  left  the  body ;  at  the  sam< 
time  he  states  tliat  coagulalion  is  attended  ^vjth  the  di 
Ktruction  uf  while  corpm«;Ua.  In  a  yet  later  paper 'it 
is  stated  tliat  the  ferment  is  present  in  all  cells  which 
contain  jirotoplasm ;  these  Include  lymph,  chyle,  and  pus 
cells,  and  perhii[w  ajnnectivc  tissue  gunerally.  The  same 
author  has  also  given  further  information  regarding  the 
coagulation  of  fibrin  in  yet  another  paper.*  But  in  op- 
putdtlon  to  tlu!se  views,  Olof  Hammerslen  *  contends  that 


•  PfliifrerVi  Aicbie.f.  Hy.  %i.  015-^77. 

•  O^mpl.  Hmd.  Ixzxtv,  113-1 15. 

•  V^ii^^t  Arthiv.f.  iV-  *iT.  211-273. 
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(rikrftglobuliD  does  not  unite  with  fibrinogen  to  form 
fibrin,  uor  become  iu  any  way  coaverled  iuto  fibrin. 
fi  gives  experimenU  in  support  of  his  views,  but  it  is 
quite  unnecessary  to  consider  tliem  at  all  in  detail,  for  tire 
lY&aon  why  we  have  so  briefly  oondensed  other  papers 
bearing  up6n  the  subject  of  coagulatiuii,  viz.,  thiit  the 
amhors  have  dealt  with  substancea  which  cannot  be 
defined  by  analytical  figures^  and  that  chemico-malhe- 
mfttical  consideraLiotisare  not  included  in  their  researchea; 
BO  that  it  is  never  known  what  it  is  precisely  they  have 
cxperimcDtcd  upon,  nor  is  it  possible  to  place  a  fair  imer- 
I  pretalion  upon  ihoir  news,  except  in  the  most  general 
nunm-r.     We  must  now  give  sume  attention  to  a  more 

I  recent  view  of  the  causes  of  the  coagulation  of  blood. 
E.  Mathieu  and  V.  Urbain  have  stated  '  (in  1873),  that 
when  egg  albumin  is  deprive<l  of  the  carbonic  anhydride 
h  contains,  by  mcjms  of  the  exhaust  (raemury)  pump,  it 
sLio  loses  certain  volatile  salts,  viz.,  ammonium  carbonate, 
ftnd  traces  of  sulphate  and  sulphide,  and  lluil  in  this  con- 
dition it  is  not  eoagulable  even  at  100*;  the  deprivation 
of  albumin  of  its  salts  they  state  to  convert  it  into  globu- 
lin. Tliese  statements,  in  themselves  utterly  inacceplablc 
^ chemists,  were  reiterated*  in  a  subsecpicnt  paper, 
while  it  was  again  statetl  that  the  cause  of  the 
rulation  of  blood  is  the  presence  of  carbonic  acid,  it 
was  said  that  this  latter  may  be  removed  by  cxosmose, 
and  tliat  its  efiects  may  be  neutralised  by  neutralisation 
with  an  alkali. 

In  opposition  to  these  views,  A.  Gautier"  made  ft 

'   Cvmpl.  Rnvd.  Ixxvii.  70fl-TCIf).  * 

*  Jtum.  ItMrttt.  Ckim.  (41  x\.  3S7-Mo. 
'  fbmpt.  JUnd.  Ixxx.  13Ul>-I3U3. 
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number  of  experiments  coofinniitive  of  the  view  that 
death  of  tiie  blood  is  essential  for  coagulation,  and  dis- 
proving the  hypothesis  of  Hathieu  and  Urbaia.     It  ma^^ 
here  be  stated  also  that  on   the  pubUcation  of  these 
{iHper?,  Dr.  Thudichumt  in  conjunction  with  the  autlioflfl 
of   tins   work,   maile  a   numlwr  of   esperiments,   and 
repeated  those  of  Matliieu  and  Urbain,  and  it  appearet^^ 
from  theae  that  tl)e  new  view  of  the  causes  rt-^ulatin^l 
the  coagulation  of  blood  was  utterly  without   founda- 
tion.    M.  F,  Gl*Jniml  also  tlescribed'  experiments  to  the 
same  effect.     To  this  latter  chembt,  Mathieu  and  Urbaii 
replied,*  dc;scribiug  a  few  exjierimeiita  in  whicli  it 
demonstrated  that  ex|K>sure  to  carbonic  anhydride  deiei 
mined  the  coopulation  of  the  blood,  even  when  kept 
contiict  with  the  segment  of  a  blood-vessel.     The  best 
answer,  however^  to  these  experiments,  is  the  fact  that 
blood  does  not  coagulate  in  lire  under  conditions  where 
carbonic  acid  is  certainly  present  in  the  blood-system. 
To  sum  up  Uiese  observations,  it  may  be  admitted  tliat  aoj 
fur,  no  perfectly  acceptable  explanation  has  been  given 
the  cause  of  the  coagidation  of  blood. 

TTi*  Alhuminoiin  Principles  Cfmtnined  in  Blood. — 'J 
scrum  of  the  blood  contains,  ns  already  staled,  a  modifi-i 
calioa  of  albumin  termed  seralbumin  ;   this  is  present 
the  extent  of  7  to  9  per  cent,  in  tlic  serum,  which  also' 
<K)ntaiua  a  small  amount  of  paraglobulin.     It  also  con- 
tains sodium-albumin  and  a  little  pota^ium -albumin. 

The  paraglobulin,orfibrino-plastic  substance,  may 
prccipilutod  from  serum,  after  dilution  witli  ten  volumes] 
of  water  by  means  of  carlx>uic  anhydride ;   wliile   ti« 

•  0>mpi.  Raid.  luxi.  102-103.        ■  Ibid.  JS3e-036. 
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alkaline  albuminates  are  \» 
little  acetic  acid. 

Soralbumia  is  completely  precipitated  by  boiliug  in 
Ihe  presence  of  a  little  acetic  acid  tdso,  but  if  no  acetic 
add  be  present,  sodiutu-albtaiuQ  remains  dissolved. 

Tiie  fibrinogcnons  matter  of  the  scrum  is  dcjKJsited  in 
an  adhesive  form,  alter  removal  of  the  paraglobulin,  by 
dUution  and  exai^l  ncutrulisation  wilh  acetic  acid. 

Fibrin  produced  by  spontaneous  coagulation  or 
whipping  of  blood  id  supposed  to  result  firom  the  actioTt 
of  paraglobuliu  u[)OU  fibritiogenous  matter.  Fibrin  U 
characterised  by  certain  definite  properties  which  are 
easily  demonstrated. 

Thus  if  it  be  kept  moist  and  in  a  worm  place,  it 
gradually  liquelies  (Liebig)  and  decomposes  after  the 
manner  of  putrefaction,  evolvii>g  butyrate  and  valerate  of 
ammonium;  but  the  most  remarkable  fact  is,  that  albumin 

»  appears  to  be  produced,  and  may  be  identified  by  its 
coagidable  and  other  propL-rties.     Amnionic  sulphide  is 
PaUo  formed. 
Ita  ultimate  products  of  decomposition  ore  similar  to 

those  of  albumin. 

II 

I        Fibrin  dis^iolves  in  dilute  caustic  potash  at  60°  C, 
and  in  the  filtrate,  acetic  and  phosphoric  acids  produce 
precipitates  soluble  in  excess  of  the  acid. 
If  boiled  with  cuistic  potash,  fibrin  evolves  ammonia^ 
'  and  potassic  sulphide  is  formed  in  the  solution. 
Concentrated  hydrochloric  acid,  aided  by  warming, 
dissolves  fibrin  to  a  violet-coloured  solution :  nitric  acid 
turns  it  yellow  and  dissolves  it. 

Tannic  acid  precipitates  it  from  its  solutions,  and  per- 
oxide of  hydrogen  is  deamiposed  by  it;  tliis  latter  pro-! 
pcrty  is  [MUticuhirly  distinctivt 
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The  Bhtinl  in  Disease. — TIic  blood  presents  an 
pression  of  tlie  whole  state  of  the  body ;  combiuing  iu  one 
the  elemeuts  of  uulritioii  and  excrejueubition  (to  some 
extent),  and  presenting  the  powers  which  enable  the 
greatest  process  of  life,  viz.,  respirntiou,  to  be  carried  on. 
It  ia  the  feed-stream  and  the  aewage^ system  at  once  of ' 
the  human  e(H)uomy.  atul  hence  it.s  com^msitioii  is  aflccted 
by  ever)'  change  in  health  ur  diseaae. 

Thus  iu  fevers,  cholera,  diarrhoea,  and  the  like  diseases, 
the  amount  of  water  in  tlie  blood  is  diniiuished,  from  the 
fact  that  n  greater  wearing  down  of  the  solid  tissues  is  j 
experienced  ;  iu  gout,  uric  !\cid  occurs  aa  unites  of  poditim 
and  calcium  ;  in  diabetes,  the  amount  of  suj^ar  present  is 
aUuormally  high;  in  jaundice,  biliary  colouring  matters 
arc  found  present ;  while  formie  acid  occurs  in  leukocy-; 
thxmia. 

In  certain  diseases,  Tliudichuni  has  found  free  fattyJ 
acid  in  the  blood,  craiilged  by  the  sodium  phosphata^ 
which  it  c-ontiiins. 

Tiiudichuni  has  also  shown,  in  a  research  upon  choleraJ 
(publislied  in  the  'Eeports  of  the  Medical  Oflicer  of  the 
IMvy  Council '),  tlnit  in  this  disease,  the  scrum  of  the; 
blood  exliausts  water  and  ot!ier  matters  from  the  blood-l 
corpuscles,  which  latter  henceforth  cease  to  be  caniers  of  j 
oxygen. 

In  yellow  fevi^r  some  of  the  colouring-matter  of  the' 
blood  decomposes  and  colours  the  skiu  yellow  ;  while  ia-j 
paroxysmal  crueuturesis  il  ajtjiears  iu  (he  urine  as  a  red^ 
matter.  In  cases  of  poisoning  by  arseniuretted  hydrogen, 
serpents"  bites,  or  sulphui-cticd  hydrogen,  prus*ic  acid, 
iinunonia,  &c.,  the  colouring  mutter  of  the  blood  is  also^ 
seriously  iiUccted,  but  iu  what  precise  iuaiun.*ris  unknown. j 
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The  proces-sta  of  life  are  sirslaineJ  aud  kept  in  order  by 
means  of  the  food  which  we  take  into  our  mouths,  and 
which  19  prepared  for  assimilation  by  the  various  pro- 
cesses of  digestion  already  studied.  Th«  chyle  is  the 
fluid  by  means  of  wliieh  ihe  blood  is  kept  constantly, 
supplieil  with  new  matter,  to  be  afterwards  absorbed  by 
the  body  in  place  of  those  parts  broken  down  by  everj- 
act  of  Hfe.  In  this  way  a  man  of  average  size  and  activity- 
must  take  inio  his  body  8,000  grains  of  chemically  dry 
solid  matter,  if  he  is  not  to  gain  or  lose  in  body  weight. 
The  blood  also  absorbs  through  the  lungs  about  10,000 
uns  of  oxygen,  making  a  total  daily  gain  of  18,000 
ins,  or  nearly  '2  J  lbs.  avoirdupois  of  solid  and  gaseous 
matter.^  The  alimentary  canal  excretes  not  more  tlian 
80O  gTiiinsof  dry  solid  matter  in  the  same  period,  and  it 
therefore  follows  that  7,200  grains  of  sohd  raalter  must 
pass  out  of  the  body  in  other  forms  as  well  as  the  10,000 
grains  of  oxygen.  These  17,200  grains  of  matter  pass 
out  of  the  body  through  the  breath,  the  sweat,  and 
urine.  Of  (bourse  the  matters  which  leave  tlie  body  are 
not  identical  in  nature  witii  those  substances  absorbed  in 
the   body,  but  they  constitute  ttie  effete  changed  sub- 

'  Umxhy'a  EttmetUa  of  I'Aytioioffy,  p.  188,  lat  edit. 
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Stances  resulting  from  the  metamorphosis  of  animal  tissu 
Food  therefore  is  substance  which,  when  introduced  in 
the  body,  and  modified  by  tlie  processes  of  digestion, 
serves  for  the  renewal  of  body  stnicture,  or  for  main 
taiuing  %ital  action.     Some  foods,  being  nearly  identic 
in  nature  with  some  of  the  substances  entering  into  tb 
constilution  of  the  tissues,  require  but  little  change  befori 
being  capable  of  assimilation.     Other  foods  are  not  a 
siinilated  in  the  sense  that  tbclr  substance  is  taken  up  by, 
and  becomes  part  of  the  tissues,  but  serve  other  functions 
equally  important.     No  one  fwid  serves  to  supply  all  ih 
materials  required  by  the  body,  but  they  differ  in  value 
according  to  the  decree  in  which  tliey  supply   one  or 
more  requirements.  ' 

The  mass  of  the  body  consists  of  various  forms  of 
albuminous  princijiles  ;  theso  are  built  up  in  the  body  b; 
a  re-arrangement  of  allied  principles  t^iken  in  the  foo 
The  fat  whitth  we  cat  is  not  supposed  to  give  ri:ie  to  the 
whole  amoinit  of  fat  in  the  living  tissue,  but  is  what 
is  tenned  a  respiratory  food,  being  oxidized  in  the  blood 
. — an  act  which  is  attende<l  with  the  generation  of  forci 
ordinarily  viewed  as  heat,  but  not  necessarily  so.     Th 
flit  present  in  the  body  tissues  is  sujiposed  to  be  deriv 
in  some  way  from  saccharine  food,  and  in  part  from  albu- 
minous substances.     In  experiments  made  by  Guudelach 
and  others,  it  was  found  that  bees  fed  exclusively  upon 
Bugiir  secreted  wax  in  iibimdancc  ;  about  20  Hm.  of  suga 
being  consumed  while  1  lb.  of  wax  was  being  produced. 

The  principles  of  the  brain  and  nervous  system  ap- 
pear to  be  built  up,  at  least  for  the  most  part,  by  sy 
thctical  processes  occurring  in  the  body,  but  otherwi& 
unknown  at  present.     The  various  secretions  of  tlie  bod 
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are  produccil  by  acts  of  decomposition  wbich  will  receive 
special  cousideration  hereafter.  Everjrwhcre  in  llie  animal 
economy  mineral  mntters  are  found  either  in  the  free 
state  or  associated  in  combinntion  with  organic  principles. 
The  lx>nes  and  teeth  in  particular  contain  a  large  propor- 
tion of  eartliy  matters,  and  hence  it  is  necessary  that  our 
L  food  should  include  maltfrs  from  which  a  proper  supply 
Hof  these  substances  is  obtainable. 

H  The  nitrogenous  parts  of  tlie  body  are  in  the  main 
derived  directly  or  indirectly  from  the  vegetable  kingdom 
(as  elsewhere  pointed  out),  and  in  a  large  measure  there- 
fore the  vegetable  is  constructive,  while  the  aairaal  is 
both  coostructivc  and  deatruclivc. 

While  life  maybe  maintained  for  a  greater  or  less  lengtli 
of  time  by  a  restricted  number  of  kinds  of  food,  perfect 
health  and  tmimpaired  functions  are  best  secured  and 
maintained  upon  a  mixed  diet  comprising  all  the  inatters — 
knitrogenous,  snccharine,  amyloid,  and  saline — which  rtrc 
Hiraikble  for  sustenance.     The  idea  of  food  is  too  often 
^^entified  with  solid  matters  of  which  we  piirtiike,  but  in 
tnith,  air  and  water  are  as  necessary  foods  as  any  others. 
Moreover,  there  are  many  kinds  of  food  wliich,  while 
ihey  are  not  absolutely  necessary,  are  not  therefore  harm- 
ful when  partakwi  of  iu  proper  amount ;  these  may  be 
considered  as  hisurics,  but  they  are  nevertheless  foods. 
Among  this  class  of  bodies  we  have  alcohol,  which  must 
be  placed  side  by  side  with  fnt  as  a  respiratory  foot!,  or  a 
mbstance  which  admits  of  oxidation  iu  the  lungs. 

tt  Evrrv  iu;t  of  life,  be  it  one  of  thought,  will,  conscious- 
Dcss,  or  work,  is  atteudcd  by  the  consumption  of  matter 
m  the  Iiody.  That  is  to  say,  all  work  done  signifies  some- 
thing destroyed  or  changed.    It  i^  difficult  to  decide  in 
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many  cases  whether  these  changes — generally  of  oxid* 
tion — take  place  in  the  tissues  themselves  or  in  th( 
blood  ;  but  be  it  one  or  the  other,  the  same  necessity  exist 
for  food,  which  must  take  the  [ilfice  of  matter  used 
up  iu  previous  nets  of  Hfc.  This  is  as  essential  to  life  as 
is  ihe  supply  of  oil  to  a  lamp  which  is  required  to  give 
light. 

Starch  and  sugar  are  substances  which  require  a  deal^ 
of  oxygen  to  burn  them  into  carbonic  anhydride  anc 


waitT. 


It  will  be  seen  from   these  equations   that  st 
and  sujjar   contain  in   themselves   sufficient  oxygen 
burn  their  hydrogen  julo  water,  but  that  rcquirevl  by  tin 
carbon   is   suppUeit  in  the  lungs  from  the  air  iuspirt 
Fats,  however,  ri«]uire  far  more  oxygen  than  starch  anc 
sugar,  because  they  do  not  contain  even  enough  oxygen 
for  the  combustion  of  the  hydrogen  present  iu  them, 
also  with  the  fatty  acids  into  which  and  glycerine, 
are  resolved  (at  least  in  part)  in  the  processes  of  digestioni! 
This  may  be  iust;mced  with  stearic  acid  derived  from 
tristearine  of  mutton  fat. 

C„H„0,  +  o„  -  ISCO,  +  18n,0 

From  tiie  fact  that  oxidation  in  the  lungs  is  a  proccfi 
of  combustion,  and  the  source  of  nmscular  power, 
fi,ods  whicli  undergo  this  pi-oce&s  are  termed  heat  pru^ 
ducers ;  but  we  shall  see  presently  that  it  is  by  no  raeai 
clear  that  blood  oxidation  is  attended  directly  with  th< 
evolution  of  animal  heat. 

In   his  work  on  'Practical  Hygiene/  Ptu-ke^  qtic 
the  figures  of  Moleschott  in  illustration  of  the  amount 
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^food  required  by  nn  ndiilt  mun  of  average  weight — 140  lbs.        ^M 

^ — who  occupies  himself  in  moderate  woriv.     These  are  as  ^^H 

^■bUnws : —                                                                                   ^^^| 

^^B                                     Jiff  flood.                            Ounvw.             Qrulna  o(           Ofi>lii«  of                  ^^^^^H 

^^1                                                                                               Mtrcic^D.           Cubon.                 ^^^^^H 

■            Alhutmngui  RubstAOC*  .         .     4-687              SI7              1073-6               ^^^1 

H           FftUy                            .       .    3-964             iiU             1024-4             ^^H 

■           OrfaobTdraisa                      .  14-257                       .      i'7ao-4              ^^^| 

■            &ilu    '        .        .        . 

.    i-ww     . 

^^^^^H 

22  8flfl 

^1 

■        With  this  knowledge  it  is  easy  to  calculate  the  dietary    ^^H 

Bralue^  of  diflerent  kinds  of  food  from  their  aaoeiUuiied        ^M 

Bcom position.     The  fullouiiig  table  for  cnlcuhiiicig  iWelA  is         ^| 

[Akeu  from  Hassali's  work  oti  Food.^ 

I 

^B                   Vvi 

Vata 

Allnunl- 

rvM 

■tnUB 

Snlbi 

1 

76 

15 

8-4 

^^ 

1-fl 

Fair^Ded  mttat 

03 

14 

10 

— 

87 

ICoiwt  in«aU  riocliiduig  dnp> 

^H 

^ag)        .... 

U 

27-0 

13-45 

— 

S-05 

.     ■ 

Di^. 

40 

K 

16 

49-2 

1-8 

■ 

15 

li 

2 

70-3 

1-7 

8 

16-e 

1-3 

73-4 

1.7 

^H 

10 

5 

0-8 

83-3 

0-6 

^^1 

OsUiiPiu       .... 

la 

10 

6-8 

03-2 

2-0 

^^1 

13-6 

10 

8-7 

M-6 

1-4 

^H 

ihy  pBM      .... 

IS 

23 

2 

53 

S'4 

■ 

Puuum     .... 

74 

1-5 

0-1 

23  4 

1 

CuTDts    (no    eelluloM    io- 

^^1 

elodw])    .... 

86 

0-ft 

0'26 

8-4 

07 

^H 

QiUMge       .... 

01 

0'9 

0-a 

6-8 

0-7 

^H 

6-9 

2-7 

80 

— 

3-6 

^^1 

^ 

r«ira  (IsuBfaell)  . 

78  5 

13-5 

ii-fl 

—^ 

H) 

^H 

■ 

CbrbM)           .... 

SOS 

S3-6 

2i-& 



6'4 

^H 

P 

Mlik  of  spvci&c  gmritj  1030 

SO-7 

4 

3-7 

6 

DO 

-^H 

8 

■^ 

— 

&e-6 

0-S 

H 

■ 

I>r.  Ilassall  describes  the  use  of  tliis  table  as  follows : — 

1 

P  *  The  quantity  by  weigiit  of  auy  of  the  articles  enumerated        ^M 

bu'ing  kuowii,  tlte  aniouots  of  the  albumiDutes,  fats,  aud        ^| 

I^^H       '  TbA  uU«  u,  lioirerer,  muoly  tAk«n  froni  Dr.  PArlie^*  work.                     ^^| 
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carbohydrates  are  easily  calculnted  by  a  simple  rule-of- 
tliree  mm.  Thus,  supposing  the  allowunce  is  12  oz.  of 
meat,  one-fifth  must  be  deducted  for  bone ;  the  water  in 
rcinainiug  96  oz.  will  be  asceitaiued  as  follows: 

75x9-6 


KM) 


=  7-2; 


iLud  so  on  for  the  other  constitiienta/ 

Food,  then,  serves  two  main  purpoaes :  («)  to  ke^" 
tip  the  supply  of  force  which  may  be  rt'gistered,  and  is 
generally  spoken  of,  as  animal  heat;  and  (6)  to  reatoi 
matter  loit  to  the  body  by  acts  of  life.  ' 

The  following   tttble  *   shows  the  amount    of    h« 
generated  from  ten  grains  of  certain  different  foods  during 
tlieir  complete  combustion  witlun  the  bmly.     The  figured 
tlieiiiselves  were  worked  out   by  Frankland,    to   whi 
experiments  we  shall  further  allude  hereafter : — 


Fuoa.                     In  MtnboMiflit  ntlm 

Whieti  b  eqiikl  to 

Ibf.  d  wowr  1°  KaJimiliOll. 

llrUiir  II-'  1  tuot  bivh. 

10 

^Taiiw 

dr)-  flmh     . 

1312      . 

.       10.128 

„    Albumia 

12-sa    . 

VMO 

„    lump  8ugiu 

801      . 

6,647 

„    RiTowropt 

10-06      . 

7,708 

„    biittflr . 

IrtflS      . 

.      U,i'2l         J 

,,    beef-fftt 

■M»l      . 

10,142          ■ 

During  sleep  the  ntal  action  is  low  and  tolerablj 
uniform,  but  after  pnrtakinji;  of  food  it  is  high  and  vari- 
able. As  the  amount  of  vital  change  proceeding  in  the 
body  may  be  greater  at  some  times  than  at  others,  it 
necessarily  follows  that  a  proportionate  quantity  of  food 
will  be  required.  J 

The  next  table,  which   is  also  taken  from  Ed.  Smiths 


'  TftVen  ^m  Edward   SmiUi'a  work  aa  Foodi.     n.  S.  Kinp  Jb 
1873. 
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fork    *  On  Foods,*  shows    the  relative    amount  of  air 
spired  during  varying  degrees  of  exertion  ; — 

The  Iving  poistura being  I 

-    wttiog     , is  1-18 

Beading  aloud  or  tini^g    .        .        .        .  ,,  1'36 

TV  nandiiig  poatura „  1-S3 

Bailw«7  trnvolling  Ut  clfl&a         .        .        .  „  1*40 

,f              M         2nd     „            .        .        .  „  1-6 
„              „        upon  tile  eit^ine  at  SO  to 

30  (uileB  per  hour „  \'h2 

BmIwit  imvollin^'  upuu  tlia  DUgiiiu  &t  CO  to 

60  miles  pt>r  hour     .        .        ,        .        ,  „  1*66 

B&Uwftj  trarflling  io  -Ird  cltiM     .        .        .  „  l'&6 
„              „         upon  eii^ue,  arero^  of 

all  speeds ,  IM 

BAilway  tnToIliDjf  upon  engine  si  40  to  60 

miles  par  bour „  1  "61 

RailwRT  tJ*T.i]ling  upon  et^ne  at  30  to  -W 

QiiUs  per  hour „  1-64 

WkUting  ID  the  Nft ,  1-W 

„      on  land  at  1  milepoibottr  tt  ^'^ 

lUding  on  horwWk  nl  the  wnlliiiig  pace     .  „  2*3 

'Wklkiiig  at  3  miles  per  Juiur         .         .         .  „  3-70 

Riding  on  boree1jiu.'k  Rt  Uhi  rantttringpaca    .  „  U'lO 

Wtlkiiig  ftt  3  uiiW  ptT  lioui-         .        .        ,  „  3-^2 

Siding  modeTAti>Iy ,  3*33 

DsKeoding  stopa  at  640  Tards'  perpendicular 

per  hour -  h  3'^ 

Walking  at  3  miles  pr  hour  and  carrying 

Mile „  3-6 

Walking  at  3  miles  per  hour  and  carrrtuif 

6211* ,.  S'S4 

Riding  on  hnreebock  at  the  trotting  pace      ,  „  4'OJi 

jng  at  good  speed      .        .        .        .  „  4*33 
E&jesnding  steps  at  WO  yanU'  perpendicular 

par  bour n  ^'^ 

WaUdng  at  3  miles  pur  hour  and  carryiug 

I18lb«. »  4-7S 

Walldogat4mU(«per  hour        .        .        .  „  6'0 
[Hie  trc«d>wlHMl,   a»ceading    46   steps    per 

BUDttte „  fi'6 

Boaaiag-  at  6  tullce  per  bour         .                .  n  7'0 

From  the  same  series  of  experiments  Smith  (leLi.'nnincd 
le  some  effect,  by  showing  the  amount  of  carbonic  acid 
svolvod  by  respiration  per  miDutc ; — 
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(n  profound  titbep,  l>in^  posture  . 

In  lipht  ftlwp 

.        .    400     „ 

SoAKel}- »w&ke,  l^  i„ii.        .         , 

■        .    6-7       « 

■•               »        -V     »             • 

.          .      6r9A       „ 

..      6i    ..          .        . 

■        ■    01       ,» 

Walking  Ht  2  miles  per  liotir        . 

,        .  18-1       „ 

a 

■  t               *'        *»         ^r          ft                • 

.  28-83      „ 

Tn^iwJ-'H-beel,  ascendia^  2S-Ifi  feet  per  tninuu  43-96      „ 

The  necessity  for  constantly  reuewitig  the  pro 
limttiT,  arises  from  the  fact  tliut  the  excretion  of  urea  am 
other  nitrogenous  decompotiitinn  products  of  albuiDln  is  an 
cvcr-occiirring  process  during  life,  no  matter  how  extreme 
the  inactivity.  Indeed,  pi-oteiu,  or  flesh-forming  food,  is 
the  only  one  absohitely  necessary,  in  addition  to  mincml 
salts,  for  tlie  continuation  of  life,  inasmuch  as  it  con- 
tains plenty  of  carbon  and  hydrogen  to  support  animal 
lioat  also ;  but,  for  re;isotis  to  be  immediately  considered, 
it  is  bettor  to  take  a  mixed  diet  If  the  food  supply  be 
defident  in  nitrogen,  the  bcxly  begins  to  undergo  a  pro- 
ce«a  of  starvation — nitrogen  starvation  ;  and  in  such  case 
the  body  feeds  upon  its  own  tissues  until  the  failure  of 
this  supply  and  the  action  of  induced  secondary  cav 
jiiits  n  Ntop  to  life. 

The  advisability  of  a  mi.xed  diet  is  well  stated 
Huxley'  as  follows:  *  A  healthy  full-grown  man,  keeping 
Up  his  weight  and  heat,  and  taking  a  fair  amount  of 
exercise,  eliminates  4,000  grains  of  carbon  to  only  300 
grains  of  nitrogen,  or,  roughly,  only  needs  one-thirteenth 
II.H  much  nitrogen  as  carbon.  However,  if  he  is  to  get 
his  4,Ol.tO  grains  of  carbon  out  of  iilbumin,  he  must  eat 
7^47  grains  of  that  substance.  But  7,547  gmins  of 
ttlbuniin  contain,  1,132  grains  of  nitrogen,  or  nearlv  foru" 
tiiuo^  as  much  as  he  wants.     Thus  a  man  confiued  to  a 

'  JBImu»ti  «f  rkytioloffy  (^[^w:nliUan  &  Oo.),  1806,  p.  142. 
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purely  proleid  diet  must  ent  «  prodigious  qiiaiuiiy  of  it. 
This  not  only  involves  a  great  araount  of  physiological 
labour  In  comminuting  the  food,  and  a  greut  expenditure 
of  power  and  time  in  dissoU-ing  and  absorbing  it,  but 
throws  a  great  amount  of  ivliolly  profitless  Ial>mu"  upon 
those  ei'Tetory  organs  wliich  have  to  get  rid  of  the 
nitrogenoua  matter,  three-fouiths  of  which,  as  we  have 
seen,  is  superfluous.' 

Hence,  to  avoid  such  an  evil,  experience  teaches  us  to 
mix  fats  or  amyloids  with  alburaiuous  foods,  and  those, 
supplemented  by  the  saltj*  found  in  the  body  and  furnished 
by  vegetable  and  other  matters,  make  up  the  total  neces- 
sary foods  for  sustaining  life. 

It  is  impossible  here  to  discuss  the  relative  value  of 
foods,  or  the  polilico-economical  a8i>eets  of  the  question, 
or  the  various  influences  exerted  by  age,  time,  climate, 
and  other  <!on(Utions  upon  the  quauLity  or  quality  of  foods 
required.  These  questions  have  been  ably  treated  in 
seimr.uc  treatises  by  Letlieby,  Smith,  Hassall,  and  others, 
to  which,  excellent  as  they  are,  we  must  refer  our  readers. 
We,  however,  quote  on  the  nest  i»age  a  table  from 
Letheby's  work  '  '  On  Footl,'  showing  tlie  nutritive  values 
<^  food.  It  should  be  stated  that  in  the  construction 
of  this  table  Letheby  has  calculated  the  carbouacwus 
matters  as  starch,  for  the  reason  that  the  fattening  and 
respiratory  values  of  starch,  gum,  fat,  &c.,  are  very  dif- 
ferent, as  ahrady  explained.  The  power  of  fal  is  about 
2'5  times  that  of  sugar. 

To  enter  at  all  into  the  life  history  of  tissues, — to 
[attempt  to  d<'pict  the  actual  manner  in  which  the  living 


■  On  Fi^ai,  bjr  Dr.  If.  L«tbeby,  p.  b.    DuU>^rv,  TimUW  &  Cos,  1&73. 
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organs  and  tissues  assimilate  from  the  food,  the  inatl* 
they  require  to  keep  them  perfect  and  in  good  working 
order,  would  be  to  enter  the  domain  of  pure  physi- 
ology. To  a  large  extent,  work  of  this  kind  is  not  -withiflH 
the  powers  of  observutiou ;  but  we  may  refer  our  readers  ' 
to  such  works  as  that  of  Lionel  Beale  upon  '  Biopla-^ni '  * 
for  a  description  of  what  is  known  upon  the  subject. 
Bioplasm  ia  a  living,  moving,  and  growing  matter  which 
exists  in  every  part  of  the  body,  and  it  has  the  power  of 
taking  up  lifeless  material,  which  it  changes  in  such  a 
way  that  its  elementa  are  assimilated  and  become  living 
matter.  After  a  time  the  living  matter  undergoes  further 
rhange.  It,  or  a  part  of  it,  is  resolved  into  uon-Uviug 
substances,  which  may  be  gaseous,  liquid,  or  solid.  Bio- 
pla^im  in  fact,  occurring  in  every  tissue,  in  every  part 
of  the  living  body,  is  germinal  matter  posst'ssed  of  a 
power  of  selection  of  elements  from  the  pabulum  supplied 
to  it,  by  wliich  it  converts  dead  or  lifeless  matter  mto 
living  matter.  But  all  bioplasm  must  die,  and  by  the 
death — or  in  other  words,  by  the  specific  changes  which 
result  at  certain  stages — tissue  results,  and  hair,  ski 
bone,  nerve,  and  must-le  are  produced. 

Whether  the  oxygen  taken  in  respiration  is  the  cause 
of  decomposition  of  the  tissues  or  not  is  difficidt  to  decide. 
Carl  Voit*  insists  that  it  is  a  consequence  of  the  tissue 
decomposition  ;  the  tissues  spHtLing  up  indtfiieudently  of 
oxygen,  and  forming  products  which  combine  with  the 
oxygen  which  is  inspired.  Voit  further  divides  the  albumin 
of  the  body  luto  circulating  albumin   (that  contained 


-h 
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■  Biopi'um,  &r.    Bv  Lionel  .S.  Beale,  U.H.,  F.RS.    J.  t  A.  OhuKibiU. 
1872. 
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IjTOph)  and  organ  albumin.  He  supposes  tTiat  the  first  of 
ihese  readily  undei^oes  decomposition,  wherciis  organ  al- 
bumin is  not  subjected  to  tliecoaditiona  of  deoomposilion 
unlil  it  has  become  converted  into  cin-DLitiiig  albumin. 

F.  Hoppe-S«yler*  contests  these  opinions  of  Voit,  and 
luaiutains  that  the  conimmption  of  albuminous  matters  in 
the  organism  tjikes  place  in  the  living  celU  of  the  tissues 
and  not  in  the  lymph  in  which  they  are  bathed  aa  held 
by  Voit,  or  in  the  blood  as  was  mtiinudned  by  Lehniami, 
Frericha,  Bidder,  and  Schmidt.     Such  consumption,  he 
coulends,  may  be  efl'ected  by  oxidation  or  through  the 
agency  of  ferments.     When  oxidation  is  the  cause,  Hoppe- 
Seylcr  believes  it  to  be  due  to  the  direct  action  of  ozone 
produrcd  in  the  tissues  from  oxygen.     This  latter  doc- 
trice  ia  eminently  improbable,  and,  indeed,  Uiere  is   so 
much  speculation  in   all  these   matters,  as  scarcely  to 
r^y  the  student  for  following  them.     Those  who  may 
(lesrc  to  learn  further  of  such  matters  may  consult  the 
publications  referred  to,  as  also  one  by  E.  Pfiiiger  ou 
•  Piiysiological  Combustion  in  Living  Organisms,' '  and 
die  writings  of  E.   Becquerel'   upon    the  operation   of 
electrocwpillary   forces   in  the   pli(;uomona   of  nutrition. 
After  all  it  may  be  fairly  said  without  prejudice  that, 
Hr«garding  these  deep  questions  concerning  vitality  and 
^Ks  sustenance,  our  knowledge  is  neither  sufficiently  com- 
^preheneive  or  precise  to  admit  of  final  statements. 

The  organs  through  whi(^h  the  excretory  matters  of 
the  body  are  eliminated,  do  not  form  the  various  sub 
stuicea  thus  got  rid  of.     But  it  is  otherwise  with  glands 
which  furnish  substances  destined  to  play  a  further  r6le  in 

Pflufct'*  AnAiv.  rii.  890-128.  •  Ibid.  s.  ^61-368. 

»  Ompt.  lCf,ul.lxxx.  411-417. 
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the  economy.  These  seem  to  effect  a  special  trans- 
formation of  specific  matters  presented  in  the  blood  or 
elsewhere,  sugar  of  milk,  for  example,  being  produced  in 
the  mammary  gland  in  this  way»  but  the  true  mechanism 
of  such  processes  is  entirely  w^ithout  explanation.  Gene- 
rally, these  processes  are  referred  to  the  action  of  fer- 
ments, but  no  satisfiictory  explanation  has  been  afforded 
of  the  fact  that  from  a  similar  matter  totally  different 
substances  should  be  produced  by  different  causes  or 
agents. 


BLOOD   OXIDATION, 
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CHAPTER  XI. 

"BESPIRATIOJf— BREATH — MLSCLE   OXIDATEO.S. 

have  seen  tlmt  the  blood  conveys  to  the  boJy  tlie 

lood  which  has  been  previously  prepiirctl  by  the  various 

(Kgcstive  and  alterative  processes  antecedent  to  the  time 

when  it  enters  the  blood.     The  composition  of  the  bloixl 

may  therefore  vary    to  some   extent  according  to  tlie 

nature  of  the  food  eaten  and  other  causes.     By  the  action 

of  the  heart  the  blood  is  pumped  through  the  lungs  (into 

the  pulmonary  artenes)  at  llie  rate  of  22  to  27  lbs.'  ia  one 

minute,  and   here  it  undergoes  a  pronesa  of  oxidfitiou 

which  we  must  now  consider  more  in  detail.     We  have 

already  desirilied  tlie  colouring  matter  of  the  blood,  but 

^it  13  now  necessary  to  review  a  fuw  of  its  spectroscopic 

^■cbamctcrs.      A  sufUfiently  dilutetl  solution  of  hBemato- 

HcrystalUne,  when  examined  spectroscopically,  exhibits  two 

^■fands  of  absorption :  the  blood  of  all  vertebrates  when 

^Vrjewed  within  the  living  blood- veswcls   shows  also   the 

^sarae  bands,  therefore  there  can  be  no  doubt  t!iat  the 

colouring  matter  is  not  radically  changed  by  the  process 

I      of  extraction.     Now    Stokes    many  years  ago  deinon- 

B  strated  that  these  two  Ijands  were  characlcristic  of  arlc- 

H  rial  blood;  venous  blood  exhibiting  but  one  band;  and 

"  that  these  properties  are  iu  direct  connection  with  the 

'  OHitr  detenuloAnonB  io  oot  OfTee  Vith  Uiu  %ure,  10  lbs.  hasg  Uu' 
ftituMiDt  eftiiiittteil. 
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ftilouring   priiioiple   of    the  blood  there   is   no    doubt, 
because  a  si>]ution  of  lisemato-crystalline  can  be  deprived 
of  ita  oxygen,  and  it  then  gives  the  single  absorption 
band  of  venous  blood  ;  by  shaking  it  again  witli  oxygen    | 
the  second  biind  is  restored. 

Now  all  rcseurclica,  even  including  those  most  ' 
recently  published,  show  that  the  oxygen  which  is  ab-  i 
sorbcd  into  the  blood  during  respiration,  is  not  held  merely  ) 
in  eohilion  iii  n  dissolved  stale,  but  at  least  a  part  of  it 
exists  in  combination  with  this  hwrnato-crystallinc.  For 
instance,  Bert,'  who  has  devoted  much  liuio  to  the  deter- 
niiuuLion  of  the  quantity  of  oxygen  whi<;li  ran  be  absorbed 
by  the  blood  under  various  atraospheric  i>rosaures,  and 
also  Fernet,  who  lias  conducted  similar  investigations,  both 
conclude  that  a  part  of  the  oxygen  in  the  blood  is  inde- 
pendent of  barometric  pressure,  and  conaequeritly  it  exists 
in  a  sUte  of  combination  with  the  colouring  matter.  This 
combined  oxygen  is  unaffected  in  amount  by  barometric 
pressure ;  it  is  only  the  lesser  quantity  of  dissolved  oxygcL 
which  can  be  so  influenced.  From  all  this,  it  ap]>eas| 
certain  tliat  the  corpuscles  of  the  blood  are  the  carriers 
of  oxygen,  which,  entering  into  combination  with  the 
ha^mato-cryatalline,  is  rarrie<l  by  the  blood -circuhiliou  to 
the  moat  distant  and  hidden  parts  of  the  body,  wlierc  at  all 
points  it  is  given  up  to  the  body ;  the  tissues  in  their  turn 
give  up  carlxjuic  acid,  water,  urea,  and  other  excremen- 
titious  products  of  the  blood.  Tlie  carbonic  add  is 
absorbed  by  the  blood,  and  is  contained  therein  partly 
in  the  state  in  which  it  exists  as  in  soda  water,  but 
partly  also  iu  combination  with  alkaline  bases,  [lartiai- 
larly  sodium.     In  the  lungs,  oxygen  is  absorbed  on 

'  Compf.  Kfftd.  IxM.  7*5-788. 
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and  carbonic  acid  is  glveu  out  and  respired  ;  it 
is  easy  enough  to  understand  how  the  free  carlionic  add 
is  liberated,  but  not  so  simple  to  explain  the  liberation 
of  that  part  previously  in  cotnbiualion  with  alkaline  buses. 
Tlmdiohum  supposes  that  when  tlie  venous  Wood  reaches 
the  small  breathing  cells,  the  ha3iniito-cr}'stalline  is  partly 
oxidised  into  what  he  calls  hematic  acid,  and  this  passing 
into  the  scrum  at  the  same  moment,  decomposes  the  car- 
bonates in  the  blood,  setting  free  carbonic  acid  which 
with  the  watery  vapour  escapes  through  the  luug  tlasue 
into  the  respiratory  passages.     It  is  true  that  Liebig  dis- 
puted the  presence  of  cju-bonntes  in  the  blood,  but  it  has 
been  sint^  shown  that  the  method  of  analysis  upuu  which 
be  based  his  opinion  was  sucb  as  to  prevent  their  dis- 
awery.     Confirmative  of  the  process  of  blood  oxidation 
which  has  been  described,  is  the  prediction  of  John  Stuart 
31011,  made  in  1856,'  and  which  resulted  from  a  logical 
consideration  of  GnJiani's  researclieH  upon  difTusion.  This 
work  of  Graliam  brought  out  the  fact  *  that  gases  have  a 
itrotig  tendency  to  permeate  animal  membranes,  and  dif- 
fuse themselves  through  the  spaces  which  such  mem- 
branea   enclose,  notwithstanding  the  present  of  other 
gases  in  thoae  spaces.'     Mill  then  says :  *  The  exchange  of 
oxygen  and  carbonic  acid  in  the  lungs  is  not  prevented, 
but  nithur  promoted  by  the  intervention  of  the  mem- 
branes of  the  lungs  and  the  coats  of  the  blood-vessels 
between  the  blood  and  the  air.     It  is  necessary,  however, 
that  there  should  be  a  substance  in  the  blood  with  which 
the  oxygen  of  the  air  may  immediately  combine;  other- 
wii<e,  instead  of  jiassing  into  the  blood  it  would  permeate 
'  :  organism  ;  and  it  is  necessary  that  the  carbonic 

'  SjfUrm  "/Lyk,  4tli  Edit.,  1650,  toL  i.  p.  6S3. 
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acid,  as  it  is  fonnuil  in  the  capillariGs,  slionld  also 
substance  in  the  blood  witli  which  it  can  combine,  other- 
wipe  it  would  leave  the  body  at  all  points,  instead  of  bein^^    . 
discharged  through  the  lungs.'  ^M 

Thus  it  is  seen  that  the  necessities  of  reasoning  arc^ 
entirely  satisfied  and  fulfilled  by  the  theory  of  the  process 
of  blood  oxidation  held  to-day ;  but  chemists  have  not 
yet  succeeded  in  isolating  the  body  which  they  know 
exists,  viz.,  the  particular  combination  of  the  colouring 
matter  present  in  blood  corpuscles  with  oxygen, 
hematic  acid  as  Thudiclium  terms  It. 

P.  SchiitzenbcrgLT,  in  his  work  on  Fermentation,'  has' 
described  a  beautiful  exj>eriment  illustrative  of  the  oxi- 
dising power  of  blood.     He  causes  red  arterial  blooil  IQ 
circulate   throujih  a  sufficiently  long  system  of  hollc 
tubes  constructed  of  goldbeater's  skin  and  immersed 
a  mixture  of  yeast  diffused  in  fresli  serum  without  gl( 
bulea,  at  a  tem]>erature  of  Sb"  C.  (95*  F.).     Under  these" 
conditions  the  blood  gives  up  its  oxygen  to  the  yeast 
through  the  walls  of  the  tubes,  and  then  passes  out  blac 
and  venous  at  the  other  extremity. 

SchUtzenbergcr,  in  conjunction  with  Ch.  Risler,*  h( 
determined  the  amount  of  oxygen  contained  in  blood  by 
adding  to  a  given  quantity  an  excess  of  standardised 
sodium  sulphite,  and  estimation  of  the  excess  in  an  at- 
mosphere of  liydrogcn.  The  quantity  of  oxygen  may 
be  thus  determined  within  2  per  cent.  The  authors 
show  that  the  oxygen  of  the  blood  does  not  act  on  the 
sulphite  like  free  oxygen,  but  like  oxygen  combined  with 
ammoniacal  cupric  oxide.     Fresh  ox  blood,  saturated 


>  EnplUli  Edition,  lS7e  (Kiiw  Jt  Co.). 
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■willi  oxygen,  shows  in  reaped  of  tlie  sulphite  an  oxidis- 
ing pwer  equal  to  45  percent,  of  uxj-gon,  Avhereas  where 
it  ia  deoxidised  by  the  nir-purap,  or  by  carbonic  oxide, 
this  becomes  reduced  to  25  or  26  per  cent.  The  oxygen 
removable  therefore  from  blood  by  the  air-pump  is  about 
19  [»cr  cent-' 

We  have  already  considered  the  process  by  which 
blood  becomes  oxidised  in  the  lunga ;  the  study  of  the 
meclianisra  belongs  lo  the  science  of  pure  physiology.  It 
is  sufficient  therefore  to  state  the  main  poirita. 

The  pulmoQiiry  capillaries  are  wide  and  thin-wallcd, 
aad  are  aiTan^ed  so  that  llioy  form  a  comjjlete  network 
with  but  small  meshes.  The  blood  in  the  ca[>illariL's  Ih 
separated  from  the  air  only  by  their  own  walls  and  the 
delicate  thin  lung  membrane.  These  conditions  favour 
the  processes  of  diffusion  which,  so  far  as  they  have  a 
hearing  upon  respiration,  may  be  thus  stated.  Gua 
which  is  held  mechanically  by  any  solution  has  a 
tendency  to  dilTuse  into  any  atmosphere  to  which  it  may 
be  exposed  until  it  is  present  in  that  atma'^phere  in  a 
proportion  corresponding  to  that  remaining  in  solution. 
Hence  this  law  apphes  to  the  carbonic  acid  dissolved  in 
venom  blood.  Again,  giise.s  separated  from  each  other 
by  a  porous  partition  diffuse  int<i  each  other  with  n 
rapidity  inversely  proportional  to  the  square  roots  of  tlieir 
densities.  This  law  appUes  to  the  carbonic  acid  set  free 
in  the  capillaries  by  the  action  of  so-called  hematic  acid 
upon  the  eodic  carbonate  of  the  blood  ;  it  also  applies  to 
the  oxygen  in  the  air  on  the  other  side  of  the  limg  mem- 

'  Semm  duaolTM  aWut  &a  much  nxTfren  m  wnter  nt  1 00^  F.,  rii.  j^  o£ 
hibtiUc.tlwnfora  «ftch  pound  of  blood  would  diMolvo  Kbout  I^rc.ofoxy^nj 
ted  H  iiH  beeu  CAlcuIatttd  that  three  tiinea  thin  ^wuility  mallj' eotort  tbfi 
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bnmc.  By  the  application  of  the^e  principles  we  obtain 
at  least  a  general  sort  of  appreciatiou  of  the  modus 
operandi  in  the  lung  tissue. 

The  expired  air  is  saturated  with  aqueous  vapourjanc 
registers  a  tempcrafiirc  about  that  of  the  blood,  varj-ii 
between  35"*  and  36°  U.  Ten  thousand  parts  of  ordinary  ail 
contain  2.100  parts  of  oxygen,  7,900  of  nitrogen,  and  3 
carbonic  anliydride;  30,000  parts  of  exjnred  air  contaii 
from  1,500  to  1,600  porta  of  oxygen,  7,900  of  nitrogei 
and  470  of  carbonic  acid.'  That  is  to  say,  the  nitroget 
is  not  alTet'ted,  l)ut  on  tlie  otlier  Imnd  the  iiir  loses  5  p 
pL-nt.  oxygen,  and  gains  an  ahnost  equal  amount  of  cai 
boiiic  anhydride-  Vierdot  gives  4 '7  per  cent,  of  oxyge 
as  removed  from  the  air  and  4'3  per  cent,  of  carbonic 
aeid  returned  tq  It. 

According  to  Fognault  nnd  Eciset,'  warm-blooded  ani^ 
inals  both  take  in  and  respire  a  trace  of  nitrogen,  but  it 
undergoes  no  chemiail  cliange,  and  is  partly  exlialed  b] 
the  ekiu.  Pettenkofer  has  also  found  traces  of  hydrogen^ 
raarsh  gas,  and  ammonia  to  be  present  iu  expired  air; 
these  probably  arise  from  the  digestive  processes,  and  maj 
nt  times  amount  to  more  tliau  traces.  We  cannot  hei 
refer  at  all  in  dctnil  to  the  many  various  researches  on 
respiration  winch  hnve  l>een  earned  out  of  late  years,  as 
all  (rf  tliem  liuve  a  more  direct  meaning  to  physiolt^ists 
than  to  chemista  Beyond  Begnaull  and  Rei.set'3  observa- 
tions already  referred  to,  Schariing'  Ims  experimented 
upon  respiration  ;  also  Andral  and  Gavarret,*  Pttteukofer 


'  Huxley,  EUmmts  of  Iltymotoify,  p.  M. 
"  Ann,  dt  (Mmie,  IU.  ixvi.  511. 
>  iMbij^t  Aitnal,  xIt.  214,  and  Ini,  1. 
<  J««.  rfr  mmie,  Ul.  tuI.  129. 
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and  VcMt,*  Dr.  Edward  Smitli,'  E.  Pflliger,'  aud  Moritz 
Nii^batun  *  and  others. 

The  aort  of  apparatus  employed  m  the  study  of  the 
respiratory  process  consists  of  an  air-tight  chest  large 
enough  to  hold  the  animal  operated  upon,  and  capable  of 
being  fed  with  air  by  means  of  a  pump.  Attachfd  to  the 
apparatus  are  series  of  vessels,  some  containing  sulphuric 
acid  intended  to  absorb  the  water  contained  in  expired  air, 
and  others  holding  caustic  potash  to  absorb  the  carbonic 
aahydride  exhaled.  Dr.  Smith,  however,  used  a  difiereiit 
apparatus.  la  tliis  case  the  air  for  inspiration  was  con- 
ducted by  a  caoutchouc  tube  from  a  small  s[)iromc'ter  by 
which  it  was  measured,  to  a  mask  closely  covering  the 
nose  aud  chin.  Tlie  expired  air  was  passed  through 
SDOthcr  tube  (by  means  of  a  proper  disposal  of  valves) 
into  the  analytical  apparatus.  The  quantity  of  air  passed 
through  the  lungs  in  twenty-four  hours  is  very  variable, 
and  depends  upon  individual  habits  and  lw>dily  ccmdi- 
lions.  It  has  been  variously  estimated.  Dr.  E.  Smith 
gives  from  804,780  cubic,  inches  to  1,5G8,390  cubic 
inches.  Huxley  states*  that,  taking  no  exercise,  it  is  esti- 
mated at  350  to  400  cubic  feet,  a  fin^ure  widely  different 
to  Dr.  Smith's. 

The  water  given  offin  twenty-four  hours  is  estimated 
by  Smith  at  an  average  of  311  grms.,  and  the  carbon 
aa  carbonic  anhydride,  as  from  7*144  oz.  to  1V7  oz. 

Dumas  haa  estimated  the  carbon  passing  ofT  through 
the  lungs  and  skin  in  twenty-four  hours  at  8^  oz.,  and 

)  LMi^i  AmuJ.  ftuppl.  Bd.  ii.  1. 

*  ma.  Troiu.  1869,  e«i. 
'  PBugflc's^rpAiV./  PhfftMogie,  x.  251-308. 

*  PflttpeT'ii  ArMv.  vii.  p.  SftO. 
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172 


XITRITIOX  :  OR  *  WORK   .UfD   WASTE.' 


Scharling,  as  well  as  Antlral  and  Gavarret,  have  given 
similar  dutcniii nations.       Liebig  gave  a  much   higher 
figure^  but  he  only  arrived  at  it  from  calculations  not 
based  upon  experiment.     Dr.  Smith  has  also  ascertained 
that  the  oxidation  of  rarbou,  so  to  speak,  is  most  active 
between  the  ages  of  3.')  and  40,  and  less  in  youth  and 
old  age :  females  exhale  somewhat  less  carbonic  anhy- 
dride than  males,  and  this  is  decreased  during  menstnia- 
tion ;  during   pregnancy  there  is  an   increase.     In  cer- 
tain skin  diseases  the  quantity  is  increased  ;  it  is  also  in*; 
creased  by  cold,  but  diminished  by  heat.     Muscular  exer- J 
tion  nppeare  to  be  the  great  iricttive  to  active  respiration, 
by  whicli  means  the  amount  of  carbonic  anhydride  ex- 
pired is  doubled  or  even  trebled  in  amount.     Asphyxia 
results  whenever  the  carbonic  acid  in  tidal  air  reaches  10 ' 
per  cent.;  uneasiness  and  headaciie,  however,  are  cauaedj 
when  less  than  1  per  cent,  of  the  atmospheric  oxygen  j 
is  replaced  by  other  matters.      The  poisoning,  as  it  is 
called,  of  carbonic  acid  results  rather  from  an  interference 
with  the  proper  function  carried  out  by  oxygen  in  the' 
blood  than  from  any  direct  action  possessed  by  itself. 
Every  man  should  have  at  least  800  cubic  feet  of  air 
space  to  himself,  and  this  should  be  in  direct  communica- 
tion with  the  atmospiiere,  so  that  it  may  be  constantly 
supplied  with  fresh  air  us  the  initial  quantity  becomes 
vitiated. 

Calculating  on  the  basis  that  8*5  oz.  of  carbon  are 
expired  as  carbonic  acid  in  every  tvfenty-four  hours,  and' 
further  assuming  that  30  lbs.  of  blood  pass  through  the. 
lungs  every  minute,  then  every   pouud  of  blood  must  ^ 
emit  two  cubic  inches  of  carbonic  anhydride.     Again,  if 
15  per  cent,  of  the  oxygen  absorbed  be  allowed  for  that 
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quantity  fixed  by  hydrogen,  then  26'7  02.,  or  more  than 
14  lbs.  of  oxygen,  arc  consumed  daily  by  evciy  adult. 

Barral  has  published  s^me  elaborate  researches  ^  upon 
the  average  assiinilution  and  consumption  of  food  com- 
pared with  the  excreta  of  the  body,  but  we  cannot  do 
more  here  tlian  quote  a  table  which  he  has  constructed 
upon  his  results,  notwthslauding  that  these  latter  are  not 
friM!  from  objection. 

LQiTAJrrTms  iv  Oz.  AvontDiTTOis  op  Food  Airn  Kxchbta  rs  Twittt-pottr  tlOFRa. 


Pwlodof  Tcu 


December 
OriBlOOpftiU 
inly      . 


CSR>ltM«d 


^TOlTOd 


rood  taken 

afaniMd 

dri«d 

39-3 

Liquid 

59  7 

5T-S 

27-42 

'  —           T 

;2-2 

U6 
27ft 

VTMCT  bv 

Skill  ud 
l>iiiit(* 


100 


40-27 
4^-43 


■1  3S-H 

83-S        n-i 


AlvDrlride 


31  3d 

H3-a3 


ivitui  Bxoratk 


0riiw 


3614 

3ff-97 


PWOM 


Not 

dry 

.VUCI 


817 
33-3 


Swrctloa 


lift 


0-4 

0-r 


100 


In  reference  to  this  table  and  to  the  process  of  respi- 
nition  genendly,  it  should  be  stated  that  the  whole  of  the 
oxygen  inhaled  docs  not  return  as  ourbonic  anhydride  and 
water;  a  portion  is  combined  with  the  matters  in  the 
blood,  and  these  products  of  oxidation,  particularly  urea, 
leave  the  body  in  the  urine. 

Now  that  an  apparatus  has  been  invented  in  which 
persons  may  Hve  for  days  together  and  be  observed,  and 
all  the  products  of  respinitinn  and  the  excreta  be  deter- 
mined and  analysed,  it  is  possible  to  obtain  a  more  exact 
knowledge  of  the  history  of  oxygen  within  tlie  body, 

<  AmtaUt  lU  Onmir,  III.  xxt.  1^. 
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Alrcjitly  it  has  bern  found,  th.nl  during  sleep  a  quan- 
tity of  oxygon  is  storcil  up  in  the  l)Ocly,  partic^ularly  in  the] 
muscles,  and  this  is  ready  for  the  production  of  forct 
wlien  required.  The  means  whereby  oxygen  is  tliut 
stored  up  are  not  known  exactly,  but  the  myochrome  ofl 
colouring  matter  of  the  red  muscles  appears  to  be  identical 
with  the  hiema  to -crystalline  of  the  blood,  and  hence  it  is 
probable  that  it  is  with  this  principle  that  the  osygea 
stored  up  in  the  muscles  ie  in  combination. 

Paul  Bert  has  studied  the  poisonous  natm-e  of  oxygenl 
or  compressed  air  upon  animals,  and  in  a  recent  paper^  he 
confirms  and  extends  these  observations.     In  dogs,  wn- 
vulsiona  begin  when  the  external  pressure  of  oxygen  is 
about  3^  atmospheres,  or  17  atmospheres  of  aii",  ami. 
death  occurs  at  5  atmospheres  of  oxygen.     He  examincdl 
the  blood  and  found  that  oxygeu  acts  as  a  rapid  poison 
when  arterial   blood  contains   35   per  cent.,  or  nearly 
double  tlic  normal  amouul.     These  convulsions  aud  death 
are  due  to  an  esaggcralion  of  the  excito-motor  power  of 
the  s[)inal  curd,  and  are  accompanied  by  a  considerable 
and  constant  diminution  in  the  uitemal  temperature  of  the 
animal  :  that  is  to  soy,  oxidation  is  hindered. 

Far  more  unreasonable,  however,  is  the  conclusion  of^ 
A.  Friinkel'  to  tlie  eiTect  that  a  dimmished  supply  of 
oxygen  is  invariably  followed  by  an  increase  of  urea  in 
the  urine  of  animals,  and  therefore  an  increase  of  albumin 
degradation  ;  he  supports  his  conclusion  by  the  gratuitous 
assumption  that  albumin  degradation  and  urea  formation 
bear  no  absolute  relation  to  the  amount  of  oxidation  going 


<  O^npt.  Send.  Lxxri.  *4^U0. 
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in  the  orgiuiisin,  oxygen  being  further  asMimed  by 
liim  to  act  only  upon  dead  and  not  living  nilrogtii^>U8 
matters !  As  the  act  of  life  is  intimate  with  the  act  of 
oxidation,  and  coni-ideriiig  that  urea  is  derived  from  the 
oxidation  of  albumin,  it  i8  not  easy  to  fall  in  with  Buc.h 
a  concJtision,  more  espccinlly  if  we  keep  in  mind  Frank- 
land's  experiments  on  muscular  force. 

E,  Pfiijger  has  also  writttiu  much  upon  the  theory  of 
reapiration  ;  here  it  is  proposed  to  refor  briefly  to  two  of 
bis  more  recent  ones. 

One  of  these  is  entitled  *  On  Physiological  Combustion 
in  Living  Organisms,'  and  Itas  been  already  referred  to  :^ 
it  is  for  the  most  part  of  a  theoretical  nature,  and  in 
support  of  doctrines  previously  expressed  in  other  earlier 
]iapers.  Thus  the  author  licsists  that  the  lining  cell 
r^ulatea  tlie  amoxuit  of  oxygen  consumed,  and  that 
animal  combustion  of  the  cell  presupposes  not  only  no 
ive,  and  only  neutral  oxygen,  but  is  within  wide  lituiLs 
^tirely  indejMuident  of  tlu;  ]>artial  pre-ssure  of  the  neutral 
oxygen.  That  is  to  say,  KegnaulL  and  Keiset's  law  tliat 
aiuinaU  absorb  the  same  quantity  of  oxygen,  and  elimi- 
nate an  almoat  equal  amount  of  carbonic  acid,  holds  good 
without  regard  to  the  pressure  of  the  oxygen  lliat  is  in- 
baled.  It  is  not  worth  while  to  follow  the  author  through 
the  reasons  that  he  surays  i^ainst  the  supjwsed  and  8tate<l 
presence  of  ozone  in  the  blood ;  it  Is  euougli  to  state 
that  its  presence  has  never  been  established,  although 
Dr.  Binz,'  and  others  have  labonred  hard  to  make  the 
contrary  doctrine  acceptable. 


■  PftSgcr's  Arthiv.fnr  /^ynWojgv,  x.  351-366. 
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In  a  later  paper  by  E.  Pfliiger/  experiments  are  de- 
scribed to  show  that  although  pure  oxygen  be  respired,  the 
intensity  of  internal  combustion  is  the  same  as  when  air 
is  respired,  and  Dittraar  Finkler  and  E.  Oertmann'  have 
confirmed  the  view  that  the  respiratory  mechanism  has  no 
influence  on  the  amount  of  total  tissue-metamorphosis. 

>  Pflilger'a  Arcftio.  xiv.  l-3fl.  «  Ibid.  xiv.  38-72. 
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CHAPTER  XII. 


ASIMAL   HEAT — VITAL   FORCE — UUSCIXAR  ACTIOX. 


KoTwiTUSTANorxa  that  the  breath  leaves  the  body  at  Ihe 
temperature  of  the  blood,  and  that  the  body  itself  radioles 
heat  jiLst  as  other  natural  objects  do,  yet  animal  heat  is 
almost  a  constant,  and  is  maintained  at  from  StVfi"  to 
Z7T  C.  (98"  to  100"  F.)  almost  uniformly,  while  health 
lasts.  Thie  constiint  temperature  is  primarily  maintained 
by  virtue  of  the  conditions  which  obtain  in  the  liody,  and 
which  are  essential  to  life,  m.  the  generation  and  distri- 
bution of  heat  within  the  body.  At  all  points  of  the 
body  the  tissue  is  undergoing  oxidation — metomorpluwis — 
change ;  it  ii«  absorbing  oxygen  rarried  by  the  blood,  and 
breaking  up  into  8imi)ler  products ;  every  such  act  of 
oxidation  is  nefcwfarily  attended  with  the  tiV«i]«tion  of 
heal.  In  most  cliemical  resictions  there  is  eitlieran  absorp- 
lioa  or  evolution  of  heat,  and  the  oxidation  of  albu- 
minous matters  is  always  accompanied  by  heat.  The 
snpply  of  oxidisable  matter  is  kept  ii|i  by  the  regenera- 
tion of  the  tissues  and  organs  from  the  nutriment  sub- 
mitted at  the  same  time  in  the  blood.  Even  apart  from 
tissue  change,  lieat  may  be  pnuluced,  for  example,  by 
acts  of  oxidation  occurring  in  Uie  bloml  itself,  such  as 
the  burning  up  of  fat  or  aJcohol,  or  carbohydrates,  into 
carbonic  anhydride  and  water. 

In  order  to  diminish  the  quantity  of  heat  which  would 
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have  otherwise  to  be  goneratetl  in  the  body  ilsclf,  animi 
are  provided  with  natural  coverings  to  their  bodiea,  com-    , 
po^ed  of  feathers,  wool,  or  liair,  and  these  prevent  th^| 
losa  of  heat  by  radiatioa  which  would  otherwise  occiu'. 
Man,  on  the  other  Imiid,  provides  himself  with  clothes  to 
effect  the  same  purpose. 

Dcspretz  lias  shown  by  experiment  that  the  combuj 
tion  of  one  ounce  of  pure  carbon  evolves  sufficient  h( 
to  raise  the  teua]>eraturc  of  14,200  times  its  weight  of 
water  through  1'  F.,  or  enough  to  convert  into  va]X)ur 
12*63  times  its  weight  of  water  iit  the  temperature  of  the 
bh)od.     The  combustion   therefore  of  8"5  oz.  of  carboai 
in  the  body  daily  should  suffice  to  evaporate  107 "7 
of  water,  or  nearly  675  lbs.,  whereas  on  an  average  n< 
more  tliau  2'5lb8.  are  evaporated  daily  from  the  bodyjj 
ttdculatingon  that  expired  with  the  breath  and  that  givei 
off  by  the  skiu  (1-5  lbs.).     It  is  the  surplus  heal  whicl 
must  be  held  aficountable  for  the  maintenance  of   the' 
body  at  a  constant  temperature,  and  for  the  supply  oi 
muscular  force. 

The  prtKieas  of  oxidation  lakes  place  at  every  point  ii 
the  body  where  vital  activity  reigna,  and  the  amount  of 
heat  liberated  is  simply  proportional  to  the  activity  of 
the  chemical  changes  going  on.     As  this  activity  b  not 
always  of  the  same  extent  at  all  times  in  all  parts  of  tJn 
body  ;  and  iw  some  parta  of  the  body  arc  more  directlj 
subject  to  radiation  than  oihers,  the  temperature  of  thel 
body  would  be  unequal  hi  different  parts  were  it  not  for 
the  circulation  of  the  blood,  which  distributes  and  r^u- 
lates  the  heat.     It  is  admitted  on  all  hands  that  muscular 
power  is  derived  from  that  same  oxidation  which  gives. 
rise  to  and  maintains  animal  heat;  but  it  ia  an  open  ques 
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tioo   whether  the  oxidisable  mfttter  must  first  betsome 
mns(;Ie  or  not,  before  its  osidatian  can  ^ve  rise  to  mus- 
cular fort:e.     Liebig  maintaiued  that  the  uon-nitrogeuoua 
H^art  of  food  was  simply  useful  ns  of  a  heat- producing 
Hcbaracter;   aiul   this  dot^trinc   received    tlie  support    of 
Ranke,  Playfair,  and  others.     On  the  other  hand,  with 
much  show  of  reason,  J.  E.  Mayer  maintained  that  '  a 
muscle  is  only  an  npjmrutus  by  mcaiia  of  which  the  trans- 
formation of  force  is  effected,  but  it  Js  not  the  materia! 
■by  the  change  of  which  the   mechanical  work  is  pro- 
duced.'   The  blood   was  r^arded   by  liira  as  a  slowly 
burning  liquid,  *  the  oil  in   tho  flnnic  of  life.'     This  doc- 
B  trine  was  put  forward  by  Mayer  in  1S45. 
H       In  1854  Br.  T.  Gordon  Hake  communicated  to  the 
B'  American  Journal  of  the  Medical  Sciences '  (October),  a 
paper  on  Vital  Force,  which  he  reprinted  "■  after  Frankland 

thad  in  186G  made  his  well-known  experiments  on  mus-- 
cular  force.     In  this  [>aper  Dr.  Hake  laid  down  tlie  prin- 
ciple (previously  originiitcd  by  Mayer),  '  that  the  oxida- 
tion of  carbon  ami  liydrogeii  in  the  lesser  circulation  was 
tbe  source  of  muscular  in  common  witli  all  other  vital 
H  force.*      He  '  insisted    particularly  on  tlie  view  that  a 
corebro-spinal  system  does  not  generate  its  own  force,  but 
derives  it  through  the  chemical  changes  in  the  lungs.' 
Again,  he  writes :  '  In  every  system  the  force  destined  to 
1      control   organic  functions  undergoes  a  melauiorphosls ; 
B  chcraicnl  in  the  lungs,  it  bcctunes  elctrtricjil  in  the  blood- 
cells,  nervous  in  the  ccrcbro-spinal  nsis  and  the  ganglia 
of  the   aynapathetic,  endo-muscular  iu  the  muscles,  ami 


'  On  Vital  Font:  tta  PtUoMni-'  Orujin,  and  the  Qnurat  Zmuv  of  i/« 
MrtamorpAean.  By  Thoaiu  Gotdoa  Ilnke,  M.O.,  F.C.3.  II.  lt«n»l]Rw, 
LouluD,  1807. 
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calori6c  when,  as  nervous  or  muacular.  Us  viuil  act 
completed.'  It  is  not  possible  in  this  place  to  follow 
Uakc  through  h)1  his  potent  rensoniDg;  here  and  there 
room  and  jierhaptj  occasion  for  a  (UfTerence  uf  o|iiuiui 
but  in  the  main  his  conclusions  arc  beyond  refutatii: 
By  thus  giving  atccuiion  to  bis  pamphlet  based  up 
experimental  dala  and  fiicLj,  it  is  hoped  to  direct  a  moc^ 
extended  attention  to  his  viewu  on  such  an  importai^^ 
subject.  In  support  of  his  theory,  which  we  shall  follow 
somewhat  more  closely  hereafter,  cholera  may  be 
stanccd.  In  thiii  disease  the  body  tempi^niturc  sinks 
low  as  67*  F.,  although  the  carbon  and  hydrogen  in 
blootl  is  oxidised  in  the  usuid  manner  and  the  prodm 
evolved.  It  is  a  disease  similar  in  its  revealed  stale 
shocks  following  upon  nervous  leuons,  in  whicji  also  the 
body  temperature  is  depressed.  Dr.  Hake  writes,  '  We 
have  only  to  weigh  the  phosphates  ejected  daily  frt^H 
the  system  to  adopt  the  conclusion  that  the  nervo^^ 
centres  do  not  yield  tlie  physical  resources  through  whic 
their  own  currents  are  supplied  ; '  and  he  rejects  as  a  who! 
the  doctrine  of  a  temperature  derivable  from  a  mechanical 
lUfTusion  of  heat  genemtc<1  in  the  lungs. 

He  believes  that  the  chemical  changes  as  they  occi 
in  the  blood  system  and  comprised  in  the  act  of  oxidiiti( 
do  not  result  in  the  evolution  of  heat,  but  force,  whit; 
becomes  electric  by  the  agency  of  the  blood  coi'piuch 
and  it  ia  certain  tliat  this  is  perfectly  cnusisteut  with  whi 
we  know  of  cell  life.     On  this  hj'^KJlhesis,  the  blood  oel 
form  chains  and  conductors  for  the  electric  current  Ibt 
generated,  and  this  is  3ul)3equcntly  metamorfi hosed  in( 
heat  at  every  point  of  llie  system.  On  reaching  the  cerel 
spinal  centres  it  becomes  vittd  force — another  name  fo 


TUB  NATLRE  OF   VITAL   FORCS. 


181 


force — ami  this  becomes  eventually  heal,  namely, 
.  is  U-aasmitUsl  to  enable  tlie  cousuramation  of  a 
vital  act,  such  as  seosalLon,  muscular  motion,  or  secretion. 
Faraday  and  Bu  Bob  Heymoud,  and  hosts  of  other  ex- 

IperimenUU  enquirers,   have  insisted  on   the   idenUly  of 
electrical  and   vital  force,  and   the  experiments  of  Bu 
UoisRtymond  iu  particular  go  to  prove  that  nerve  force 
is  oqI}'  elcctiic  force  manifested  through  media  not  met 
with    out  of  living  Iwdies.      Of  course  on    Hakes  hy- 
-jpothefds,  nerve  force  is  derived  from  the  common  centre 
H|[thc  brain),  where  it  is  stored  in  the  grey  matter  of  which 
brain  matter  is  partly  composed,  and  from  which  the  nerve 
tu1>e»  spread  everywhere.     Our  author  even  goes  further, 
^and  with  consummate  skill,  reasons  that  when  this  cerebro- 
Vviial  force  ia  united  iu  action  within  the  same  organic 
medium  with  other  forces  influencing  us  from  without, 
viz.  light,  sound,  heat,  &c.,  new  results  arc  attained,  and 
phenomena  of  sense  and  intelligence  are  observed.     In 
lu^mia,  a  disease  in  which  the  corpuscles  of  the  blood 
kre  seriously  diminished,  the  brain  loses  somewhat  of  ita 
itense  vital  force,  the  power  of  attention  is  defective, 
>rgetfulness  obtains,  the  fitculties  are  slowly  exercised. 
lud  why?     Because  the  source  of  vital  force,  viz.  blood 
oxidation,  is  interfered  with. 

The  nature  and  sources  of  the  mind  must  be  con- 

lered  with  Dr.  Hake  as  the  grandest  problem  in  science. 

Lt  is  from  sharing  this  impression,  and  entertaining  the 

iiionid  hope  that  even  in  this  direction,  conclusions  are 

fc-iehin  the  attainment  of  future  science,  that  we  have 

riven  so  much  attention  to  Br.  Hake's  theorv.     This  has 

m  done  the  more  readily  since  all  recent  science  tend:i 

■bow  two  things,  namely,  the  unity  of  force  and  the 
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possible  Irniismutatioii  of  its  revealed  forms.     Tlie  foi 
in  which  force  is  revealed  differs  according  to  ilie  incdlt 
by   whidi    aud   the  conditions   under  which   it   is   re- 
vealed. 

We  must  now  return  to  the  attempt  made  by  Frank- 
land  to  ascertain  the  origin  of  muscular  force ;  and  w< 
may  remind  our  renders  that  in  theory  he  differs  frora.j 
Halte  only  in  detail ;  in  fact,  he  loaves  tlie  ner\'oii3  system 
as  an  inten'euing  factor  in  the  trfiDsformation  of  atiimal^ 
force  out  of  cousideration. 

To  ascertain  the  source  of  the  dynamical  power  o^ 
the  animal,  it  appeared  necessary  to  determine  the  fol- 
lowing problems :' — ■ 

(1)  Tlie  amount  of  force  which  can  be  generated  b^ 
the  oxidation  of  a  given  weight  of  muscle  in  the  body  ; 

(2)  The  amount  of  fon-e  actually  t'xerted  by  tli( 
muscles  in  the  body  during  a  given  time ;  and 

(3)  The  quantity  of  iuuscIg  actiuLlly  oxidised  in  th« 
body  during  the  same  time. 

The   first   of  these   problems    has   beeu   solved   b] 
Franklfujd;'  but  before  i^tiiting  his  results  it  should  be 
explained  that  a  unit  of  force  is  that  amount  which  is 
necessary  to  lift  a  kilogramme  to  the  height  of  a  metrcji 
Now  Joule  has  supplied  the  connection  between  this  unit 
and  the  amount  of  heat  whicli  it  represents,  and  this  may. 
be  thus  expressed :  423  metrc-kilugs.  of  fonn?  are  re-j 
quired  to  raise  1  kilog.  of  water  1*G.     Frankland  foim( 
that  the  combustion  of  1  grm.  of  dry  muscle  in  oxygei 
gave  out  sufficient  heat  to  raise  2161  kilogs,  to  a  hei^'h( 

>  MilUr'*  EkmMf  o/  CUmiary,  Put  lU.,  3rd  F.dition,  ltM7^ 
»  Hit.  Mas.  IWW. 
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le  metre;  but  :is  musdc  never  leavts  the  botly  in  a' 
completely  oxidised  state,  but  maiuly  as  urea,  and  as 
muscle  and  albumin  would  furuisb  almost  exactly  33 
per  cent,  of  their  weijjht  of  urea,  the  quantity  of  heat 
emitted  by  the  oxidation  of  one  grm.  of  muscle  into 
urea  amoxmta  to  1848  rakgs.  instead  of  the  total  21G1 
mkgs.  obtnincd  in  perfect  combustion. 

Ficfc  and  Wislicotius '  have  Jiltenipted  to  solve  the 
second  and  third  problems  by  raising  a  known  -weight 
(their  own  bodies)  up  a  given  height  (in  climbing  i\ 
mountain)  and  determining  the  quantity  of  nitrogen 
excreted  by  the  kidneys  dtiring  the  efTorl,  and  compar- 
ing it  with  that  thus  escaping  before  and  aftei  the 
exertion.  Although  objections  have  been  raised  tti  Uie 
method  em])loyed,  and  although  these  have  consider- 
able importance,  yet  as  all  possible  precautions  virere 
taken,  the  results  obtained  by  the  Swiss  professors  have 
much  interest.  Without  going  iulo  the  figures  they  ^ve, 
it  is  shown  that  the  work  done,  required  a  consumption  of 
863  gnus,  muscle,  whereas  the  nitrogen  found  in  the  urine 
only  amounted  to  3063  grms.  muscle  (using  Frankland'a 
estimate),  so  that  it  appears  something  besides  azotised  ma- 
terial was  expended  in  maintaining  the  manifested  energy. 
Curiously  enough,  less  nitrogen  was  excretetl  in  the  urine 
dming  the  climbing  (5^  hours)  than  escaped  through  this 
cbamiel  dimng  an  equal  period  of  repose  l>efore  the  asreut  I 
It  is  true  that  the  Swiss  professors  jilaced  thcnisolves  upon 
a  diet  free  from  nitrogen  for  one  day  before  the  ascent, 
but  altt^ether  the  results  are  singidarly  confirmative  of 
Mayer's  and  Hake's  hypotheses. 


'  rial.  J/ort  i«» 
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Professor  Frankland  not  only  determined  the  force 
values  of  albumin,  but  also  of  fat  and  farinaceous  matters, 
in  kilogrammetres,  and  obtained  these  results  : — 

1  ^rm.  of  drj  albumin  gave  1781  hilog^tammetres. 
1     „     „  &t  beef  „     3841  „ 

1    „     „  starch  ,.    1627 


In  relation  to  this  subject  it  should  be  remembered 
that  Frankland's  estimate  is  not  without  objection,  and 
this  objection  will  remain  so  long  as  we  are  ignorant  of 
the  precise  manner  in  which  albumin  or  muscle  splits  up 
in  the  living  body. 
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CHAPTER  Xm. 

THE   raiNB   AND    ITS   CHEMISTRY. 

Thk  blood  which  supplies  the  kidneys  is  conveyed  by  the 
renal  arteries  from  ihe  aorta,  and  allhougli  it  is  pure  so^ 
far  OS  carbonaceous  waste  matters  are  concerned,  it  is 
loaded  with  the  iiitrogenou*  cducLs  of  the  living  body, 
notable  among  tlie  constituents  being  urea  and  uric  acid. 
The  function  or  act  of  secretion  of  the  kidneys  consists  m 
the  remiival  of  tlicse  impurities,  and  tliis  is  cfTected  in  a 
sort  of  dialylic  manner.  That  is  to  say,  as  the  impure 
blood  fillens  tlirough  the  kidneys,  the  crystallisable  and 
soluble  ini]>urities  are  abstracted  from  the  blood  just  as  a 
solution  of  albumin  may  be  freed  from  salt;*  by  dialysis 
through  parchment  paper.  The  secretion  is  conveyed 
by  the  ureters  to  tlie  blatUU'r,  fruin  whic:li  it  is  ejected 
at  will  at  requisite  periods.  Althougli  the  passing  of 
urine  is  intermittent,  the  .secretion  h  really  constant,  the 
fluid  flowing  drop  by  drop  from  the  ureters  into  the 
bladder. 

The  blood  which  is  thus  purified  by  the  kidneys  is  the 
purest  in  the  body,  but  what  is  remarkable  is  the  absence 
of  fibrin  iu  the  plaama  of  the  blood  of  the  renal  vciu,  in 
which  respect  it  much  resembles  serum. 

General  Characters  of  Urine: — Urine  13  an  amber- 
yellow  colounKl  fluid,  of  peculiar  odour,  and  of  slightly 
add  reaction.  It  may  become  more  acid  on  standing,  owing. 
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to  certain  fermentative  proccssea  which  set  iii,  and  whiclr 
result  in  the  production  of  lactic  aud  other  adds.      Later 
on,  the  urea   decomposes   aud  ammouium  carbonate  is 
pniiluced,  and  in  this   way  the  reaction   of  the  uriQ| 
becomes,  or  may  become,  alkaline. 

It  should  be  remarked  that  urine  possesses  no 
herent  tendency  to  change  wheu  kept  after  evacuation? 
The  cliangcs  which  do  occur,  owe  at  least  their  initiation 
to  the  germs  contained  in  the  air;  these  fall  into  the  urine 
and  set  up  processes  of  putrefaction  or  fermentation  in 
the  way  described  iu  a  special  place  (see  Chapter  XXII.}. 
TJrine  is  not  alwnys  acid  when  passed,  but  frequently 
nuuLral  or  even  alkaline. 

The  cloud  whicli  forms  in  urine  on  sUiuding,  consists 
of  mucus  and  the  epithelium  of  the  urinary  passages,  but 
other  depo.<Lts  and  changes  are  liable  to  occur,  and  these 
generally  indicate  diseased  processes  at  work  in  the  bodvfl 
More  attention  will  be  devoted  to  tliia  part  of  the  subject 
hereafter. 

The  colour  of  urine,  as  likewise  many  of  its  other 
qualities,  differs  according  to  many  circumstances,  includ-^ 
ing  tlie  nature  of  the  food,  tlie  stale  of  the  body  imm* 
diately  preceding  micturition,  the  general  stale  of  the 
health,  and  so  on. 

As  certain  articles  of  food  influence  the  colour 
of  urine,  so  certain  other  substances  influence  its  odour. 
Thus  coflee,  onions,  |H>rt  wine,  garlic,  asparagus,  and 
oil  of  turpentine,  each  communicates  a  peculiar  odour ; 
oil  of  turpentine  in  particular,  even  when  breathed  in 
most  minute  quantities,  gives  to  the  urine  an  odour  of 
violets. 

The  general  characters  of  urine  are  comprised  within 
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very  wide  liinib,  and  tliia  is  i>erfectly  comprehensible  if 
we  bear  in  mind  that  this  iluid  is  really  '  the  Uxivium  of 
the  blood,'  as  Boerhaave  termed  it.  It  is  a  sort  of  mirror 
which  reHecta  the  processes  going  on  in  the  body  ;  it 
is  a  register  influenced  by  every  changing  condition  in 
life. 

In  all  animals  the  urine  constitutes  the  outlet  for  the 
nitrogen  of  effete  azotiscd  tissues  of  the  body,  thuugli  the 
compoumla  in  wldeh  it  is  excreted  vary  to  a  lar^e  extent 
with  the  nnimal,  imd  are,  iudeeJf  somewhat  diverse  iu 
individual  anunals. 

According  to  the  proportion  of  nitrogen  contained  in 
|B  food,  the  urea  o.-^creled  in  the  urine  of  man  in- 
8,  an  observation  originiilly  due  to  C.  &.  liehmann, 
and  one  which  has  been  since  often  confirmed.  By  re- 
Bitricting  himself  to  an  animal  diet  for  twelve  days,  he  ex- 
Btireted  daily  632  grms.  of  urea,  and  l'4grms.  of  uric  acid, 
^while  upon  a  purely  vegetable  diet,  extending  over  an 
equal  period,  lie  excreted  daily  22b  grras.  urea,  and 
1  gnn.  uric  acid,  and  by  subjecting  liiniself  to  a  far 
less  nitrogenous  diet,  the  urea  excreted  sank  to  15'4 
grms.  daily. 

It  is  impossible  in  the  limits  of  this  work  to  describe 
eae  general  characters  in  any  great  degree  of  minute- 
ess,  and  this  will  not  therefore  be  attempted.     We  shall 
tudy  the  chemistry  of  healthy  urine  pretty  broadly,  and 
icale  its  main  features  in  pnthcilogy.     Any  tiling  beyund 
thia  is  as  unnecessary  as  it  would  be  laborious,  inasmuch 
aa  several  excellent  treatiE«cs  on  urine  already  exist,  ami 
to  these  we  must  refer  our  readers.     The  most  compre- 
liensive   and   accurate  treatii«e  of  tins  kind  is  one,  the 
second  edition  of  which  Thudiehnm    has  recently      ' 
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lished,'  and  which  the  wiiter  liaa  freely  consulted  iu  whi: 
follows. 

The  quantily  and  inj^cdieuts  of  the  urine  vw 
greally  according  to  the  time  of  duy,  the  coiidiliou  of  the 
jdiracutary  canal,  the  nature  of  the  footl,  and  the  tempera- 
lure  iind  hygroscopic  condition  of  the  atmosphere.  About 
one  half  of  the  water  ingested  into  the  btniy  leaves  it 
through  the  kidneys,  tlie  other  half  escaping  by  the  lunga,^ 
the  skin,  and  the  fax;es. 

Huxley  sUUea  that  an  average  healthy  man  excrete 
by  the  kidneys  about  50  oz.,  or  24,000  grains  of  water 
a  day,  and  in  this  are  dissolved  about  500  grains  of  urei 
but  not  more  than  10  or  12  grains  of  uric  acid. 

From  a  Uible  conatrm^ted  by  Tliudichum  it  is  ehoi 
that  the  urine  of  iwenty-four  hours  amounts  to,  ou  the 
average,  from  743  c.c,  to  nearly  3,000  c.c.,  but  of 
course  the  quantity  of  lluid  may  be,  under  given  cond^ 
tions,  very  much  more  or  less.  Thus  taking  the  mean' 
quantity  at  86  c.c.  per  hour,  it  may  rise  aa  high  as 
1,000  c.c.  (after  taldng  large  quantities  of  mineral  water) 
or  as  low  as  37  c.c.  (on  a  very  dry  diet).  During  sleep 
the  secretion  of  lu-ine  is  less  active,  and  the  mean  quau- 
tity  is  58  c.c.  per  howc.  As  regards  the  amount  of  effete 
matter  contained  in  urine  in  health,  it  is  in  diret^t  propor^l 
tion  to  the  activity  or  work  of  the  body.  Definite  pro- 
po.stiions  regarding  the  attitude  of  certain  diseases  may  be 
n»ade  upon  the  registered  quantity  and  properties  of  tlie 
urine. 

The  average  specific  gravity  of  urine  corresponds  with 
that  of  blood  serum,  and  is  about  1020.     It  varies,  how| 

■  Pathology  of  tKtt  Urine.    By  J.  L.  W.  Tbudicbum,  M.D.    2ad 
J.  S  A.  ChurcbUl,  1877. 
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ever,  between  1018  aud  1040,  aiitl  the  »o\'vX  constitueuta 
ninge  between  42  and  93  parts  per  thousand.  Thudi- 
f^hum  writes, '  in  disease  generally  where  little  solid  food 
is  taken,  the  amount  of  solids  sinks  from  the  daily  60  to 
50  and  40  {rnimnies  '  per  twenty-four  hours.  But  in  life 
le  aoliils  of  urine  never  fall  below  a  certain  standard, 
jecause  even  where  fowl  cannot  be  taken,  the  body  lives 
at  its  own   expense,  on   its    own  albumin  and   fat,   as 

ibybernaling  animtds  do,  and,  aa  a  con  sequence,  emacia- 
tion is  produced. 
Beyond  the  urea  and  uric  anid  ront^ined  in  lunne 
there  are  other  animal  matters  and  saline  principles, 
amounting  to  from  onc-thiixl  to  the  same  quantity  of  the 
urea  present;  among  these  saline  matters  occur  common 
salt,  chloride  of  potassium,  phosphates  and  aulphatea  of 
potassium,  sodium,  calcium,  and  magnesium.  The  urine  also 
contains  a  small  quantity  of  (he  same  gases  as  are  fi-und 
in  blood,  namely,  chiefly  iiarbonic!  acid,  a  little  oxygen, 
»nd  a  trace  of  nitrogen.  In  fact,  urine  may  be  viewed 
as    blood    minus    its   corpuscles,     fibrin,    albumin,   and 

t colouring  matter.  The  following  table  is  taken  by  per- 
missdon  from  Thudichum's  work  on  the  urine  already 
cited. 


Aimroft  Compotiliatt  t^  th*  ICormtU   tfritu  of  ttcmt^/our  hmirt,  of  him 
vfighiiig  from  60  /«  66  IcSot  :^ 

Lratag«  qautitj  fmni  24  boun      .        .    1400.to  1(100  cubie  cffltttnelm*. 

['A(«np:e  «peciHc  frnvity 1-020 

N««n  vnoiintof  Mlidd STibteOgnng. 

VnM. ao  „  40     „ 

iVns  acid O'O 

-Like  alkaloid undulenniiied. 

0*3    grma, 

iiiiw n'4fi     „ 

tuxUtennitud. 


ondotomined. 


Hippuhc  acid   ....... 

Indi^pigra * 

UiTh<xliii»ge<ii    ....         ... 

PlieDol-producicg  subalancM     .... 

CjwjI-  „  „  .... 

Obromogea  of  orobillne 

Omidimyl -oxide 

Uroohri3mt>        .......  

Aci!.tic  »cii3 0-2*«  gnru. 

Formic  acid      .........        O'OCO  grms..^ 

KrypUiphanic  uid 0-65      „     ^| 

OiirboDic  acid  .        .        ^ tutdutenuined.^' 

Obloriuc 6to8  grnu, 

Ohioridea  of  aodium ud  potaauam 10  „  IS     „  ^m 

Sulpburic  acid Tfi,,  2*5    „   ^^k 

OUivr  miljiiiur  compoiuida  coataining  up  to  02  gniis.  of  mlplgur  in  24  boun. 
PhoHphoric  acid U-OG  gntu. 

°,.  >  nndeterraitiM. 

aodiiiin J 

CiUciuui  oiiAa 0-17  gnas.     ^| 

Hagnoaium  ostda O'lO     „ 

Eftrthj  phosphatea ISA     „ 

Iron undetormiDed. 

Anunonia 07  frrui*. 

TliBUtbjknuiie uiidetemiincd. 

Biliu7S{rida O-OIS^ms. 

IMnitroKeubwd  deriTatiTe  of  sarcolartio  arid 

Oxaluric  add \  undstenniaed. 

Oxalic  acid 


:} 


The  raiaur  estimates  account  for  48  out  of  55  grms.  of 
solids,  the  larger  estimates  for  62  out  of  66  grms.  of  .solids. 

Vrta  (CH,N,0). 

This  substance  was  discovered  by  Boerhaave  before 
1720,  aud  was  called  by  him  the  esj^eiitiai  mlt  of  urine, 
but  he  was  in  error  iit  regarding  it  as  only  a  product 
of  putrefaction  of  iiriiic. 

Berzelius  obtained  the  oxalate,  and  Prout  analysed  a 
perfectly  pure  spcciraen  of  urea. 
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Otber  chemists  found  that  when  decomposed  it  gives 
rise  to  the  production  of  cyauii;  acid  and  ammonia,  aud 
by  evaporation  of  a  solution  of  these  mixed  substances 
Wiihler  produced  urea  artificially.  This  accomplishment 
was  of  extreme  importiuice  at  that  time,  because  it  wiis 
then  generally  thought  that  urea  was  uue  nf  those  sub- 
stances elaborated  by  vital  processes  whicli  could  not  be 
produced  artificially.  Since  then,  of  course,  many  other 
animal  aud  vegetable  priuniplcs  have  been  L'laboratcd  in 
the  laboratory,  and  so-called  vitiil  force  is  now  gradually 
finding  its  proper  iuterpretatioa  and  place. 

Urea  is  a  never-failing  and  principal  constituent  of 

urine,  and  from  tlie  fiict  that  it  la  regularly  found  present 

m  small  quantity  in  the  blood,  but  not  m  the  juice  of 

i  ilesh,  it  appears  that  this  substance  is  pn>duced  within  the 

blood ;  it  is  only  secreted  by  the  kidneys. 

I        It  seems  certain  then,  tlmt  urea  results  from  the  direct 

splitting  up  of  albumin  in  the  body,  and  this  hypothesis 

is  contirraed   by  observaitous  which  are  describetl  in  the 

chapter  on  albuminous  compounds.     It  will  be  there  seen 

I  that  B^hamp  states  to  have  obtained  urea  by  subjecting 

albumin  to  the  oxidising  influence  of  potassic  permauga- 

,  nate,  while  Schiitzenberger  seems  also  to  have  proved  that 

urea  is  one  of  the  direct  products  of  the  decomposition  of 

all  albuminous  matters  by  hydration. 

In  certain  diseases,  such  as  cholera,  Its  excretion  is  for 
a  lime  suppressed,  and  in  consequence  an  imrreased  quan- 
tity is  found  in  the  blood,  in  tlie  sweat,  and  in  the  cerebro- 
spinal fluid. 

Various  observers  have  detected  the  presence  of  urea 
in  other  fluids  besides  blood  and  urine  ;  thus  Woliler  de- 
tected its  presence  in  the  liquor  amnii  
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The  artificial  formation  of  urea  may  be  effected  b; 
several  processes.     Thus  by  mere  evaporation  of  a  mix- 
ture of  cyanic  actd  and  ammonia  urea  is  produced  by 
foIlov.nng  reaction  : — 

c,N,o + 2:m, + n^o  -  2crr^Ns,o. 

The  same  result  is  attained  when  n  metallic  cya 
and  a  salt  of  ammonia  are  employed  in  the  place  of  cyanic 
acid  and  ammoniii.  Carbonate  of  ammonium  is  resolved  to 
a  certain  extent  into  urea  by  nierelv  heiiting  it  in  sealed 
lubes  to  \h()°  for  some  hours,  and  it  is  said  that  nmmonic 
ctirbamate  behaves  similarly.     The  transforraation  of  th 
first  named  salt  i.s  particularly  interesting,  as  the  change 
virt\ially  consists  in  a  molecular  re-arrangement  with  eli 
miiiation  of  ilic  eU-inent  of  water  -.-^ 

I.NH  J,CO,  -  aH,0  +  OH^N.O. 

Urea  may  be  also  obtained  by  heating  a  mixture 
two  parts  potassic  ferrocyanlde  with  one  of  peroxide 
manganese  upoii  an  iron  sheet.     The  mixtui-e  ignili'3  an 
smoulders ;  this  completed,  it  has  to  be  extracted  wit 
water,  and  the  extract   mixed  with  rather  more  ilia 
20  parts  of  dry  ammonic  sulpliate.     In  this  way  potassii 
sulphate  is  formed,  and   may  be  removed  by  crystiillisa- 
lion  ;  the  mother  liquor  contains  urea,  and  this  may  l>e1 
isolated  by  cvapi>ration  to  dryness  and  extraction  of  thi 
dried  residue  with  absolute  alcohol. 

Urea  is  also  a  product  of  the  action  of  peroxide  o\ 
lead  and  other  oxidants  upon  uric  acid,  while  it  is  likewise 
produced  when  alkalies  act  upoQ  alloxan  and  krcatine,  :■ 
wt'll  a.s  i)y  the  action  of  sulphuretted  hydrogen  U])on  ih 
double  fulminate  of  copj)er  and  ammonixim.     It  may 
also  obtained  by  the  action  of  phosgene  gas  (COCl,)  ujioo 
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tiumoiiia  And  by  the  reiu-tioti  whicli  lukus  place,  accord 

[to  Natflnson,  bctwecu  ammonia  and  carbonic  ether 
,H,),CO,)  at  a  temperalure  of  182°C.,  thus:— 
■ 
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Several  melhodH  are  available  for  ihe  extraction  of 
~iin?a  from  urine  or  other  animal  fluids. 

a.  Urine  is  rendered  strongly  alkaline  by  meatw  ol 
iryta  (5  grms.  to  the  litre),  after  which  a  strong  solu- 
^on  of  nitmtc  of  barium  must  be  added  so  long  as  a  pre- 
tipitate  is  producctl.  The  mixture  is  then  to  be  filtered, 
iciitniliseil  with  nitric  acid,  and  evaporated  to  dryness, 
m1  the  residue  extracted  with  absolute aI(X>hol,  from  which 
ixtrftct  the  urea  may  l)e  ciTstallised  after  concenlration. 

6.  If  the  urine  or  other  fluid  be  albuminous,  Xhudi- 
lium  recommends  treating  ic  at  ouce  or  after  concentra- 
ion  with  alcohol,  and  subjection  of  the  reaiduc  obtained 
>y  eviiporution  of  the  alcoholic  extracts,  to  the  above 
lescribed  baryta-process. 

c.  The  urine  is  to  l>e  concentrated  to  a  thin  syrup  and 

then  treatcti  with  its  own  volume  of  nitric  acid,  keeping 

the  mixture  cool.     In  this  way  nitrate  of  urea  is  formed, 

and  crystallises  out.     It  is  putihed  by  recryalallisalion 

from  water,  and  decolorisation  with  animal  charcoal.     To 

^Kjct  urea  perfectly  pure,  the  nitrate  must  be  retliseolved  in 

Hwater,  ueutralised  by  pota^^h  or  potassic  carbonate,  allowed 

^TO  cryBtalliae,  filtered  from  the  nitrate  of  potassium  crys- 

uU,  the  mother  liquor  evaporated  to  diyncss  and  extracted 

alcohol. 
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d.  Hk  urine  is  to  be  uwnwiuied  and  treated  with 
an  exotm  of  Booog  boIuemq  of  oxalic  add ;  this  (»«dpi- 
tata  the  urea  as  oxalate.  On  redwcdni^  ihe  minute 
crjirtals  in  vater,  and  -trannii^  the  solntiiTQ  with  calcic 
carbooatef  decomposition  ensaea,  calcic  oxalate  is  preci{a- 
tated,  aod  urea  remains  in  solution,  and  may  be  pi 
by  recrystallifaticHL 

General  Charadera  of  Urea. — Mrem  oystaUises  ftom 
water  in  quadratic  [»ian5  with  a  rectangular  tennioal 
plane,  aud  from  alrobul  with  octahedral  planes  ;  the  crro- 
tab  pobriio  with  a  fiaiut  blue  colour. 

It  is  a  colourless  subfctance  with  a  somewhat  bit 
saline  tajste,  and  ia  soluble  in  its  owm  weight  of  water,  ( 
Ives  in  five  parts  of  alcdiol  of  0'816  q>ecific  gravity 
ordinary  temperatures,  and  in  its  own  weight  of  boiling 
alcohol.     It  is  insoluble  in  ether.  g 

It  may  be  decomposed  by  adds,  alkaliea,  heat,  certain 
salta,  aud  various  fermcnta,  such  as  yeast  and  those  which 
aliomid  in  putrid  matters.  It  is  decomposed  by  nitrous 
acid  as  follows : — 

auil  a  similar  decomposition  is  effected  by  nitric  acid 
taining  nitrous  acid,  or  by  a  nitric  acid  solutiou  of  the, 
lower  nitrite  of  mercury, 

Wlieu  fused  mth  potash  or  treated  with  concentrated! 
sulphuric  acid,  urea  is  resolved  into  carbonic  acid  an( 
mnnioiiia.     Heat  and  iilkalies  decompose  it  similarly :  if  ^ 
baryta  be  employed  as  the  ugeut  of  decomposition,  car- 
bonate of  barititn  is  of  course  produced,  aud  Buusen, 
by   weighing  the  carbonate    thus  fonned,    determijied 
(quantitatively  the  Amount  of  urea  operated  U2)on, 
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f  Fermenis  split  up  urea  into  the  same  pixiducta  as 
alkalies ;  tliat  is  to  say,  they  act  (as  shown  elsewhere)  ma 
hytlrating  agents: — 

^CH,N,0^•1I,0  -  co.+sxir^ 
Willi  alkaline  hyjHJcliIoritea  and  hypobromitea,  urea 
Bpmposes,  yielding  most  of  its  nittogeu  iu  the  gaseous 
Rn,  the  carbonic  anhydride  being'  siinuUnneously  ab- 
rbed,  and  several  vciy  useful  processes '  fur  the  <|nariti- 
tative  determination  of  urea   have  been  based  upon  this 
fact.    The  modification  employed  by  Russell  and  West  - 
^tis  perhaps  the  best.    AVlieu  a  solution  of  urea  in  admix- 
^ture  with  arj^entic  nitrate   is   subjected    to   evaporation, 
nitrate  of  ammonium  is  produced,  and  cyanatc  of  silver 
I     forms  and  may  be  crystalUsetl  out. 

^^"TJrea  melta  at  120°  C,  and  at  slightly  higher  temper- 
^Bitures   is  decomposed,    ^-ielding  anmioiiia,  cyun.itu  and 
bicarbonate  of  ammonia,  and  leaving  cyanuric  add  iu  the 
retort   At  higher  temperatures  this  cyanuric  add  decom- 
poses, Irtiving  a  white  residue  of  nielanuric  acid,  thus : — 

ITna  Unlanarli:-  viJ 

By  heating  urea  in  sealed  tubes  to  140"  C,  iu  couUict 
witli  water,  it  decompases  l>y  a.  reiu'tion  exactly  the  re- 
verse of  that  by  which  its  synthesis  is  effected,  thus : — 

CIT,N,0  +  2fl,0  -  2(NHJC0,; 

ihflt  is  to  say,  two  molecules  of  water  are  assimilated,  and 
nnimonic  carbonate  is  produced.     Tliis  change  sometimes 

'  E.  W.  Dftvy,  Tikil.  Moff.,  Jane  1««4,  p.  «8& 
■  Joum.  CAtfjn.  Site.,  August  1874. 
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lakes  place  in  the  urine  Uirough  iuiluences  exiriled  by  the 
mucus  of  the  bladder,  and  the  ammoniacaJ  odour  of  such 
urine  is  due  to  thb  cause.  fl 

The  chemical  relations  of  urea  are  particularly  in- 
lereatiug,  aud  deserve  a  few  words.  By  the  diaplacement 
of  a  certain  number  of  hydrogen  atoms,  a  whole  series 
of  compounds,  known  as  compound  ureas,  may  be  pro- 
duced, and  their  couatitution  is  readily  explicable  on  the 
a'^sumption  that  urea  itself  is  carbamide,  or  the  diamide 
of  carbosyl,  CO(NII,)„  or  a  body  in  which  two  hydrogens 
of  the  double  molecule  of  ammonia  are  replaced  by  the 
i-adical  CO  (carboxyl).  Sulpho-carbamidi;  or  .sulpho-urea 
has  the  constitution  CS(N7I,)3,  and  ia  related  to 
rnonic  sulpKocyanate  just  as  carbamide  is  related  to 
monic  cjranate.  It  ia  obtained  by  heating  dry  sulphi 
cyanate  of  ammonium  to  170*  C.  for  some  hours.  To 
return  now  to  our  original  proposition  regarding  coi 
pound  urea.s. 

Auimonic  cyanate,  CNO(NH,),  as  already  sliowi 
readily  becomes  converted  into  the  metameric  body  ui 
or  carbamide,  CO(NH,)j,  Cyanic  acid  also  readily  coi 
bines  with  the  primary  and  secondiiry  nionaniiues  (and 
diamines),  witli  the  evolution  of  heat  and  the  fnrmation  oi 
so-calU'd  compound  ureas.  Thus  elhylcarbamidej 
ethylurea,  is  proiluced  by  tlie  reaction — 


phU 


iu  which  ethylamine  and  cyanic  acid  undergo  the  p; 
of  combination,     Again,  dietliylurea  is  produced  by  th 
action  of  diethylaminc  upon  cyanic  add  : — 

™.0H.K„<C.H.,..C0{N|«_^^^^ 
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Coini)uaiul  sulpha-ureas  are  aUo  obtainable  aud  slmi- 
larly  expUaible. 

There  are  many  other  series  of  bodies,  such  as  the 
so-called  ureidca  and  urcthanejj,  of  much  interest  to  the 
chemist,  but  ]iaviug  uo  particular  importauce  from  a 
physiological  point  of  view.  Some  of  these  substances 
will  be  studied  hereafter. 

The  Compoundjt  of  Urea. — Urea  forms  three  distiuct 
compounds  wilh  oxide  of  mercury,  viz.  CH^NjO  +  ^O; 
2CEUN,0  +  3UpO;  and  CH,NjO  +  2HgO. 

By  mere  evaporation  with  sodic  chloride  lurea  gives 
meto.iho  double  salt  CH.NaO  +  NaCl  +  lIA 

ThcjiitraUi  CH.NA  HNO3,  and  oxalate  2{CH,N,0), 
HjO,,  have  been  lUready  described. 

Ucbig  liaa  described  '  three  curious  com|x)und3  of 
urea,  obtained  from  it  and  mercuric  nitrate;  they  are 
represented  by  the  formulae : — 


CH^.O  +  HgO.TTNO, 

2(CH,N,0)  +3HfiO,  211  N*0,. 


H       These  substances  are  formed  when  a  solution  of  urm 
Bis  treated  with  one  of  nitrate  of  mercury,  the  determining 

conditions  being  the  relative  proportions  of  the  two  sub- 
HiUDces  and  the  amount  of  free  acid  in  the  raercmial  solu- 
™lion.  Upon  the  formation  of  the  second  of  those  com- 
^  pounds  IJcbig  basctl  a  niuthod  for  determininp  the 
l^iimouul  of  urea  in  urine  volumetrically.     Tliis  process 

with  all  mollifications  'i&  fully  described  in  Thudichnro's 

work  on  the  mine  and  elsewhere,  ho  that  it  is  unnecessaiy 

to  enter  into  its  consideration  here. 

Physiokigical  quantity  of  Urea  excreted, — A  healthy 

>  Amn.  Clum.  86, 204. 
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mail    dischai^es  from    30  to  40  gnus,  of  urea  m   24^ 
hours,  but  of  course  the  quantity  varies  within  certain 
limits  causeil  i)y  individual  circumstances,  such  as  size,  ant 
weight  of  htxly ;  nature  and  qimntity  of  food.     In  fact 
urea  is  the  expression  of  tissue  cliangeordisintegration, 
is  aliowii  by  the  fact  that  its  secretion  and  discharge  goes' 
on  even  witliout  food.     Dr.  E.  Smith  found  as  the  result 
of  observations  upon  himself,  that  i\\e  averuge  hourh 
excretion  of  urea,  in  the  24  hours,  amounted  to  1*4  grms., 
■vvhile  tlio  average  at  night  per  hour  was  TOT  grms. 

It  was  originally  thought  that  food  could  uol  gwi 
rise  to  the  protluction  of  urea  (among  other  pi-oducts  of 
change)  without  fir?t  forming  part  of  some  vital  tissue,'' 
but  more  modern   reseiirchcs  tend  to  show  that  vitality^ 
consists  more  in  the  changes  occurring  in  the  blood,  ant 
that  these  changes  may  result  in  the  direct  protluction 
urea.     (See  Chapter  ou  *  Nutrition,'  &c.) 

Patkolot^imt  qnantitii's  of  Urea. — An  excess  of  urea 
secreted  during  certiiin  stages  of   all  acute   febrile  dia 
orders,  such  us  typhus  fever,  pneumonia,  &^^,  when  th( 
quantity  may  rise,  according  to  Thudielumi,  as  high 
50  to  80  gnns.  per  24  hours.      So  soon  as  the  fev« 
abates  the  quantity  sniks.     In  otlier  disease.^  of  a  chronU 
nature    and   a(HX)mpanicd    by    impaired     nutrition,    the" 
•  amount  of  urea  excreted  falls  below  the  average,  am 
Thudiclnim  iUustrates  this  by  a  case  of  a  lady  who  su^ 
fered  fram  tumour  and  uu  oiiffimialed  condition  of  tin 
body,   in  which  only  5  grms.  of  urea   were  contained 
in  the  24  hours'  m*ine. 

Sometimes  the  amoimt  excreted  becomes  less  by  affer^ 
tions  of  the  kidneys,  in  which  case  tlic  amount  present 
in  the  body  becomes  unduly  large  and  causes  the  cache: 
known  as  urmmin. 


UEIC   ACJD   AND   ITS    PUEPAHATIOX- 
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Uric  Acid,  CjH^N.O,. 

This  s^ibstance,  originally  discovered  by  Scheele  be- 
fore the  year  1776,  occurs  apparently  more  or  less  in  the 
urine  of  all  claases  of  aiiinijils.  In  that  of  man  its  amount 
is  not  great,  while  on  the  other  liand  it  is  largely 
containu'l  in  the  urine  of  snakes.  Prout  found  in  the 
dried  residue  from  the  urine  of  boa-constrictora  more 
than  90  per  cent,  of  uric;  acid,  and  Simon  determined  the 
presence  of  nearly  aii  equally  great  percentage  in  that 
from  rattlesnakes. 

Uric  acid  furrns  a  principal  constituent  of  urinary 
calculi  and  depfiats,  hut  of  thin  subject  we  shall  treat 
more  fidly  hereafter.  It  is  only  rarely  tliat  the  add 
occurs  in  urine  in  such  large  amount  as  to  spontaneously 
deport  with  red  (y)louring  matter  attached,  on  cooling 
and  standing ;  moreover  such  deposits  con.siat  for  the  most 
part  not  of  free  uric  acid  but  of  urates. 

In  gout  it  is  found  in  the  blood  and  other  juices, 
while  it  enters  largely  into  the  constitution  of  the  concre- 
tions and  deposits  which  are  notunfrequently  formed  near 
the  joints. 

It  is  best  obtained  in  a  pnrc  stjite  fhim  the  excrements 
of  serpents  by  dissolving  or  e-^ctracting  them  in  hot  dilute 
alkahne  solutions  (potash  or  soda)  and  boiling  therewith 
until  all  urate  of  ammonium  is  decomjioseil.  On  then 
precipitating  with  hydrodiloric  acid,  flakes  of  luric  acid 
are  thrown  down,  which  only  require  re-dissolving  in 
pot,ish,  and  re-precipitation  with  acid,  to  be  compara- 
tively pure.  The  scales  thus  obtained  consist  of  small 
rhombic  plates. 


200 


NUTRITION  ;   OR    '  WORK  AND   WASTE.' 


By  decomposition   of  a   cold    salurated  solution 
potassic  urate  with  hydrochloric  acid>  larger  crystals 
obtained   with  2H,0,   whioli  water  of  crystallisation 
expsUcd  at  100*  C.     In  the  purification  of  uric  acid,  it 
necessary  to  avoid  long  boiling  with  strong  potash, 
otherwise  »  potassium  salt  of  uroxanic  acid  (C,HioN,0,] 
is  apt  to  form. 

To  obtain  uric  acid  from  human  urine,  this  should  be. 
treated  while  fresh  with  about  5  per  cent,  hydrochloric 
acid,  and  the  mi.xtiire  allowed  tostiindfor  twenty-four 
more  hours  in  a  warm  place.     In  this  way  the  urates  ai 
decomposed,  and  yellowish  or  reddish  crystal.-*  of  the  ari< 
are  deposited.     Or  the  urates  may  be  obtained  by  con^ 
ceniration  of  the  urine,  and  then  by  dcconipoRition  of  th{^ 
removed  deposit  and  purification  by  the  potash  pre 
above  described,  the  free  acid  may  be  obtained. 

When  pure,  uric  acJd  is  a  white  crystalline  jKJwdei 
almost  insoluble  (one  in  10,000  parts)  in  cold  water,  an( 
only  slightly  soluble  in  boiling  water  ;  insoluble  in  alcohol 
and  ether,  but  readily  dissolved  by  .strong  sulphuric 
acid,  and  re-prccipitable  from  this  solution  by  water. 

The  urates  are  much  more  soluble  than  the  free  aci< 
The  acid  salts  of  ammonium,  sodium,  and  calcium  ai 
frequent  ingredients  of  urinary  calculi. 

The  most  readily  applied  test  for  uric  acid  consists  ii 
moistening  it  with  dilute  nitric  acid,  whereby  alloxauthin< 
(Cgn^NjO,)  is  produced,  and  this,  when  gently  warme< 
with  ammonia,  produces  a  purple  coloration,  due  to  tl 
pi-oduction   of   murexide   or   purpiu-atc   of  ammoniui 

Streckcr  found  that  by  the  reducing  action  of  a  weaP 
amalgam  of  sodium  upon  uric  acid,  xanthine  {CbH^N.Oj 
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U  obtained  in  the  first  place,  and  subsequently  hypo- 
xantliine  (CiHjN^O),  and  we  shall  see  hereafter  that  uric 
acid  is  accompanied  in  the  urine  by  these  le&s  oxidi&ed 
tu^mponods  and  also  by  guanine,  CiH^NjO. 

Compoujida  of  Uric  Acid. — Uric  acid  is  dibasic,  and 
hence  forms  neutral  and  acid  salts.  It  will  be  sufficient 
for  the  purposes  of  the  present  work  to  give  the  for- 
mulie  and  ciuef  characters  of  these.  They  are  all  spsiringly 
soluble  in  water,  but  more  soluble  in  alkaline  solutions,  par- 
ticularly when  heated. 

The  following  salts  have  been  prepared  and  ex- 
amined : — 


Acid  uniw  of  pot&s«ium 

Quiulriunt«        „ 

Unt«  or  udium       .    . 

Acid  unte  of  mdhim 

Qoftdriunte        „ 

Acid  urate  gf  aniinoniuiii 

Dnt«  of  cslcium      .    . 

Add  tint*  of  calcium  . 
„        „         hRritim 
,t        „  magaaiam 


.  'i^KCjUjN.O.J  +  II.O 

.  Cal\H^,0,  +  H,0 

.  C4C\U,N,0,  +  U,n,N,0,  + 211,0 

.   naO,Hj\Oj  +  C\H,N\0, 

.  MgOjlIjX^Oj  +  C^H^N.Oj  +  fitl.O, 


The  urate  of  lithium  is  a  mure  soluble  sidt  ttian  any 
of  the  otlicrs,  and  thus  it  is  that  lithia  water  is  often  pre- 
lo  gouty  and  other  persons  who  are  supposed  to 
5uS*er  from  an  excessive  amount  of  uric  acid  in  the  system. 

The  n<;utral  unites  are  un.sljd)l(!  and  are  det^oniposable 
by  carbonic  anhydride.  The  acid  urates  are  far  more 
permanent  salts.  The  urates  of  the  heavy  metals  are 
amorphous  insoluble  compounds,  and  are  comparatively 
unim[H)rtiint. 

The  deposits  of  urates  in  urine  occur  for  the  most  part 

(according  to  Scherer  and  Beuce  Joues)  with  persons  who 

j eat  much  meat  and  drink  but  little  water;  they  consist 
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chiefly  of  acid  salts  of  the  alkalies,  and  particularly 
Slum. 

DecompontioriK  of  Uric  Add. — By  dry  distillation,  m*i 
acitl  is  resolved  without  fusion  into  auiuionium  carbonate, 
hydrocyanic  acid,  cyaniiric  acid,  urea,  and  other  UDd< 
tenninod  aubstancea.  By  fusion  with  polaf-h,  it  funiisht 
ammonia  and  the  cyanide,  cajbonate  and  oxalate  of  potaa 
sium. 

By  the  reducing  action  of  sodiiun  amalgam  it  giv< 
rise  to  bodies  whicli  will  be  more  particularly  descrll 
presently. 

The  most  interesting  products  of  decomposition 
those  which  are  formed  under  the  influences  of  hydraling* 
and  oxidising  agents.     First,  n«  to  the  former. 

When  licated  to  160°  or  170°  in  scaled  tubes  witl 
strong  saturated  solutions  of  hydrochloric  or  hydriodic 
acids,  the  following  decomposition  ensues  : — 

C,U*N40,  + 511,0  =  C.H.NO,  +  SCO,  f  SNTI,. 

That  is  to  say,  it  gives  gtycocine,  carbonic  anhydride,  ant 
ammonia,  and  from  this  reaction  it  would  appear  to 
ft  cyanuretted  derivative  of  glycocine  or  amido-acetic  aci< 

The  products  wliich  are  formed  by  the  action  of 
oxidising  agents  vary  with  the  activity  and  intensity  of 
the  action,  and  are  many  and  intertisting.  They  have 
been  examined  by  Liebig,  WLihler,  Schliesser,  Streck* 
and  Bacyer. 

Concentrated   nitric   acid  forms  alloxan  (C«H,N,0, 
urea,  and  nitrous  acid,  and  the  two  hist-numcd  substances 
then  mutuallydecompose.givingcarbonic  acid  and  nitrogen. 

Alloxan,  which  is  simultaneously  produced  with  ui 
by  the  action  of  bromine  upon  luric  acid,  is  a  substanc 
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which  may  be  variously  prepared,  and  which,  on  continued 
oxidiitiori  with  bromine,  gives  carbonic  anhydride  and 
porabanic  acid ;  thus : — 

and  this  latter  substance,  by  the  assimilation  of  the  ele- 
ments of  two  molecules  of  water,  gives  rise  to  tiic  pro- 
duction of  urea  and  oxalic  acid  : — 

C,H,N,0,*  211,0  =  C,H,0.  +  CU,N,(). 

The  formation  of  uroa  by  the  oxidation  of  uric  acid 
has  given  rise  to  the  hy]X)thesia  that  the  uric  add  of 
urine  is  only  a  part  of  that  primarily  i>roduced  in  the 
systcm^that  part,  in  fact,  which  has  escaped  oxidation 
into  urea,  carbouio  aidiydride,  and  water. 

Alloxan  is  resolved  into  urea  and  mesoxalic  acid  by 
tbe  action  of  boiling  baryta  water,  thus  :— 

It  seems,  then,  that  although  urea  is  derived  from  uric 
acid  in  two  stages,  yet  it  represents  the  whole  of  the 
nitrogenous  part  of  the  original  uric  acid  molecule,  while 
the  non-azotised  jmrt  gives  rise  to  mesnxaHc  acid,  or  n 
product  of  its  further  change. 

It  is  from  a  consideration  of  the  characters  of  mes- 
oxalic acid  that  the  various  derivatives  of  uric  acid  are 
best  imdersNJod.  They  may  for  tlie  moat  part  be  classed 
under  two  great  headings,  viz.  monureides  and  diureidea. 
In  other  wortls,  meaoxulic  ucid,  C,II.O||,  oxalic  acid, 
CiH,0„  tartronic  acid,  C,I1«0„  glyoxalic  acid,  Csir.O,, 
malonic  add,  C,H404,  and  glycolic  acid,  C,H,0|,  are 
each  caixtble  of  combining  with  one  or  two  molecules  of 
urea,  with  the  elimination  uf  the  elements  of  water. 


204 


KTTRITIOS  ;  OR   '  WORK  AM)   WASTE.* 


Thus  alloxan  may  be  viewwl  »s  a  raonureide  derived 
from  mesoxalic.  flcid  iis  fullows  : — 

while  uric  acid  may  be  classed  as  a  diureide  derived  from 
larti"omc  acid  (Gerhardt)  as  follows : 

C,n,Os  +  S(CIi,N,0)  -  C,U,.N,0,  +  4IljO. 

But  tliese  considerations  arc  not  without  their  uncertainty, 

and  uric:  acid  has  never  been  obtained  in  this  way. 

The  following  formula  is  given  by  the  author  with  all 
reserve,  nevertlieless  it  does  undoubtedly  express  some 
of  the  decompositions  of  uric  acid  in  a  clearer  manner 
Ihau  any  other  : — 


^N, 


or  C,H,N,0, 


On  this  apeculatioa  uric  acid  is  derived  from  two 
molecules  of  ammonium  by  the  substitution  of  2  hydro- 
gen by  the  CO,  the  substitution  of  another  hydrogen  by 
the  radical  (CJiaOj)  and  two  others  by  2  groups  of  CN, 
leaving  only  one  liydrogen  not  replaced. 

The  objection  to  this  speculation  is  that  it  leaves  un- 
explained the  dibasic  charneter  of  uric  acid,  which  may, 
however,  be  rendered  intelligible  by  the  following  struc- 
tural fonnula:  — 

HO) 

ON 

HO) 
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This  is  best  written  ua  follow:* : — 

H  o  on 


"N- 


^•C,-  H„  or 


-K-  ■■ 


CN>-C-" 


oir 


which  representation  exhibits  the  assumetl  atomic  com- 
binations by  the  dotted  lines. 

Witltout  entering  further  upon  this  question,  it  must 
be  admitted  that  the  true  constitution  of  uric  acid  remains 
to  be  determined. 

Physiological  quantity  of  Uric  Acid  excreted. — Thudl- 
chum,  reviewing  the  various  methods  of  estimating  una 
acid  in  urine,  concludes  that  uo  process  hitherto  eraployeil 
gives  the  true  amount,  but  tliat  the  best  method  consbtSi 
in  concentration,  precipitation  by  much  alcohol,  and  ex-' 
traction  of  the  prccipltjite  with  water  and  hydrochloric 
add.  The  residue  consists  of  uric  acid  which  may  be  puri- 
fied by  wariuiiig  witii  caustic  potash  and  reprecipitation 
by  hydrochloric  acid  during  twenty-four  hours.  In  this 
way  he  arrived  at  the  result  that  a  healthy  man  excretes 
oa  the  average  about  0"35  grms.  in  twenty-four  hours. 

Pathological  processes  in  which  Uric  Acid  is  concerned. 
— Becqucrel  determined  in  various  samples  of  urine  the 
following  total  quaatitics  of  uric  acid  discliarged  during 
Iwenty-four  hours  :^ 

Hviltlt;  arina 8.1  gniu. 

ChlcmMU  (lira  cmm)         .        nuoimam  l-B;  wax.  tM)      „ 
Pttlmunarjr  «iDpbr«onia,  ext.  dvepuurm  .        4'(> 

Phthkis,  tuberdas  eoften«(l 

„        three  Aaj*  bsfore  death 
Blorbu*  cordis,  with  icttirua 
Aentv  tepktiti«,  with  icterui    . 
letonia 
Unkfimr 
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Not  only  do  urates  of  the  alkalies  depoat  aometnoes 
spontuucously  iu  the  uriiie  aAer  emisaou,  but  at  other 
tiratis  uric  acid  itself  i;:*  depoaited ;   in  other  cases  the 
urate  which  is  thrown  down  conasts  almost  exclusively 
of  the    ammonium  salt.      The  precue  conditions  upou 
which  these  i-esults  depend  are,  to  all  iutcnts  and  purposes, 
unknown.     Of  course  these  deposits  also  occur  eomelimes      ■ 
in  the  urinary  passages,  and  Xhudicbum  states  that  cmH 
the  average  869  jwr  cent,  of  the  coses  of  calculi  present 
nuclei  of  urates,  while  16*08  per  cent,  contain  layers  or 
cnists  of  urates.     The  dej^silion  in  the  urinary  passages 
appears  to  occur  through  two  causes,  namely,  through 
naturutioii  of  the  urine  with  unites  and  consequent  pre-      g 
cipitatioQ  under  given  conditions,  and  (which  appears  Ut^M 
be  the  more  frequent  cause)  alkaline  fermentation  of  the 
mine  in  the  bladder, 


Xanthiney  CjII^N^O,. 

This  substance  was  discovered  by  Marcet  in  1819 
the  principal  constituent  of  a  rare  sort  of  vesical  calculus.' 
It  was  called  by  him  xanthic  oxide,  and  is  known  in 
old    piiblicatious   also  as    uric    oxide   luid   urous    acid- 
linger    discovered   its    presence    in   guano.      In    1848 
Strahl  and  Lieberkuhn  established  its  normal  presence      t, 
in  human  urine,  ami  in  1858  Thtidichum  found  it  as  afl 
normal  constituent  of  the  human   liver  in  health  and 
disease.     Stadeler  more  recently  found  xanthine  difTiisod 
llirough  various  organs  of  the  body,  as  the  brain,  liver, 
spleen,  also  inuscnljir  tissue,  of  which  it  is  now  considered] 
to  be  a  constant  ingredient. 

Preparation  from  CtlcuU. — ^The  xanthine  calculi  arej 
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flissolved  in  potasli,  and  from  this  xanthine  may  be  pre- 
cipitated iu  the  form  of  a  white  powder  by  means  of  an 
acid.  Even  cai'booic  anhydride  -will  ])recii»itale  it  from 
an  alkaline  eolutiou. 

Preparation  from  Human  Urine. — Precipitate  ftilly 
with  baryta  wiUer,  iilter,  and  evaporate  the  filtrate  to  a 
syrup  ;  remove  the  crystals  which  form  on  cooling,  jind 
boil  the  mother  liquor  with  solution  of  cupric  acetate. 
The  precipitate  thus  produced  is  isolated  and  dissolved 
ia  warm  nitric  acid,  precipitated  with  nitrate  of  silver, 
and  Uie  silver  salt  re-crystallised  from  dilute  nitric  attid 
(about  1 :10).  By  suspension  ni  water  and  decomposi- 
tion of  this  silver  compound  with  sulphuretted  hydrogen, 
free  xanthine  goca  into  solution,  and  may  be  obtained 
therefrom  by  concentration  aud  crystallisation. 

Thudichum  recommends  direct  precipitation  of  the 
urine  rendered  acid  by  a  mixture  of  sulphuric  and  nitric 
acids  with  phosphomolybdic  acid,  aud  decomposition  of 
the  precipitate  with  baryta.water.  The  solution  thus  ob- 
tained ia  fi*eed  from  excess  of  baryta  by  means  of  car- 
bonic anhydride,  and  the  resulting  filtrate  is  fully  pre- 
cipitated with  basic  acetate  of  lead  aud  ammonia.  On 
decomi>o.sition  of  the  mixed  compounds  of  lead  with 
sulphuretted  hydrogen,  xantJiiue  goes  into  solution,  and 
is  deposited  in  yellowish  crusts  on  concentration.  It  is 
best  purified  by  preparing  from  it  the  argentic  nitrate 
compound,  as  already  described. 

It  may  be  similarly  prepared  from  extracts  of  the 
liver,  brain,  and  muscular  liasue  generally.  Xanthine 
alfio  results  from  the  oxidation  of  guanine  with  nitric 
ad  containing  nitrous  acid,  and  from  hypoxanthiac  by  a 
nmilar  process. 
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Properties  and  Characters. — Xanthine  forms  whtM 
amorphous  graaules  or  crusts,  which,  when  compressed 
and  rubbed,  have  a  waxy  appearance.  The  cat 
alkalies,  particularly  ammonia,  dissolve  it  freely,  but  i( 
not  very  soluble  in  water,  and  u  insoluble  in  alcohol  and^ 
ether. 

A  watery  solution  is  precipitated  by  argentic  nitrate 
giving  a  gelatinous  mass,  which    is  insoluble  in  dilut 
ammonia,  but  readily  soluble  in  nitric  ocid.     It  is 
precipitated  by  mercuric  acetate.    A  hot  hydrochloric  acdd 
aulution,  treated  with  plutinic  chloride,  gives  on  cooling 
yellow  double  salt  of  unascertained  composition. 

An  amraoniacal  solution  is  precipitated  by  ammouiacal'j 
solutions  of  the  chlorides  of  cadmium   and  zinc;  thesoJ 
white  precipitates  dissolve,  however,  in  much  sU*ong  am- 
monia. 

Compounds. — Xanthine  forma  a  while  crystalline  sul- 
phate of  the  composition  CbH4N40„H|S04,H,0.     A  nitrate 
of  a  yellow  colour  is  obtjnneil  by  gentle  evaporation  to 
dryness  of  a  nitric  acid  solution;  this  consists  of  delicate 
crystals,  and  becomes  violet  red  on  lieatiiig,  but  if  over- 
heated the  mass  readily  carbonises.     It  also  furnishes  the 
hydrocblorate  CaH.NjOj  +  HCl.      The   silver  compound 
precipitated  from  an  ammoniacal  solution  has  the  com- 
position C^H^N^Oj  +  AgjO.     The  nitrate   of  alver  com- 
pound is  soluble  in  nilric  acid  and  recrystallises  therefrom 
in  needles  ;  it  loses  nitric  acid  and  silver  by  much  washing 
with  water.      In  this  respwrt  it  differs  from   the  corre- 
sponding hypoxanthlne  silver  nitrate  compound. 

Decomposition producU. — Rheinenk  obtained  xantliine 
from  uric  acid  by  deoxidation  with  sodium  amalgam  thus: 


nyPOXANTHI.VE. 
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but  attempts  to  coiisummate  the  converse  of  this  reaction 
have  not  been  successful.  By  a  coutiuuation  of  tlie 
above  process  of  reduction  Rheineck  also  states  to  have 
obtained  hypoxanthine  (C^H.^^O).  Thudichum,  'm  hia 
woik  on  die  uriiu;,  is  not  dispirewl  to  admit  the  close 
relaiiouship  thus  iippareutly  existing  between  these  three 
bodies,  and  for  this  reason — that  while  all  tliree  yield 
parabanic  acid  (CjUsNjOs),  by  continued  oxidation  witli 
nitric  acid,  yet  only  uric  acid  yields  alloxan  (C.IIsNjO,) 
as  an  antecedent  substance.  Refemng,  however,  to  the 
stnicture  formula  I  have  given  above  to  uric  acid,  this 
admits  of  explanation  in  some  measure,  as  is  presented 
below  : — 

HO  H.  H 

0-.-N  -.^-:>N^ 


0.    H, 


.JS 


H   O,-^  HO  H 

In  the  formuhc  for  xantliineand  hiTioxatithitu?,  H,EO 
H,n  take  the  place  of  the  groups  HO  in  uric  acid. 

Quantit;/  of  Xanthine  excreted. — Tbudichuiu  records 
a  case  of  albuminous  uxJne  where  from  0*84  to  1-12  grm. 
of  xanthine  was  excreted  during  the  twenty-four  hours. 


Uypoxanthine,  034^*0. 

This  Bubstiince  was  discovered  by  Scherer  in  the 
spleen,  and  subsequently  in  the  blood  of  persons  suf- 
fering from  leukocythajmia,  when  it  is  also  accompanied 
by  leucine.  The  base  described  by  Strecker  under  the 
name  of  '  sarkine,'  and  obtained  from  the  extract  of  flesh, 
is  the  same  substance.  Hypoxanthlne,  moreover,  occurs 
in  the  thymus  and  thyroid  glands,  in  the  brain,  hver,  ki^ 
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neys,  and  other  oi^ans,  but  does  not  appear  Co  be  a  Dormal 
constituent  of  urine.  In  Icukocythfcmia  and  diseases  of 
the  liver  aud  kidney,  it  appears  iu  that  lluid. 

MeOiod  of  Preparation It  may  be  extracted 

muscular  tissue,  the  brain,  or  the  heart  of  the  ox, 
&c.,  by  making  water  extracts  and  subjecting  them  to 
the  processes  described  imder  '  Xanthine/  Its  bydro- 
chloratc  being  more  soluble  than  the  corresponding  salt 
of  xanthine,  it  may  generally  be  separated  from  that  sub- 
statice  by  a  process  of  fractionation  carried  out  with  the 
muthiir  liquors.  Or  It  mfiy  be  separated  from  uric  acid 
and  xanthine  by  dissolving  in  dilute  sidphuric  add, 
boiling,  filtering  whilst  hot,  and  precipitation  of  the 
fillxale  by  nitrate  of  mercury.  The  filtrate  from  this 
precipitate  gives,  with  au  ammoniacal  solution  of  argentic 
nitrate,  a  cunipouiid  which,  on  deoomposition  with  sul- 
phuretted hydrogen,  yields  the  free  base.  Or  it  may  be 
obtained,  as  ahready  described,  from  xanthine  by  redu^ 
tion  with  sodium  amalgam.  B 

I*roperties  and  Characters. — Hypoxanthine  is  a  white 
powder  consisting  of  needle-like  crystals,  whidi  are 
nearly  insoluble  in  cold  water,  and  which  deposit  iu  crusts 
on  I'unccnlnition  of  its  aqueous  solutions.  Ils  general 
reactions  arc  hkc  those  of  xanthine,  to  which  substance, 
as  already  stated,  it  is  chemically  closely  allied.  This 
cunuei'tiun  is  rendered  more  certain  by  the  fact  that  it 
admits  of  trausformatiou  into  that  substance  by  oxida- 
tion with  fuming  nitric  acid,  and  trcatmeat  of  the  nili 
(iroduct  thus  obtained  with  ferrous  sulphate  and 
luuuiu,  Uius : — 

8VC,U.N\0)  +  2(.N0.)  +  30  -2(C,H,(NO.)N.O,)  +  U,0, 
UUll 


<.',ll,tNO,>S.O,  ♦  au  - C»Ii,N,0,  +  2H.0 + N. 
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Comfoumis  of  Ht/poxajithme. — ^Tlie  liyJroahlomte 
CaH^XjOjHtll  +  HjO,  crystallisee  iu  colourless  plates,  a ud 
ia  ttomewbat  decomposable  by  much  water. 

The  platinum  salt  2(0^11,1? AnCl).rtC^  is  also  crys- 
talline, and  is  more  Holuble  iu  hot  than  iu  cold  water. 

A  nitrate  and  sulpliate  are  also  known,  us  well  as  the 
compounds  C,n3B;xN,0  +  2H,0  ;  C^HaAg^N^O  +  nA  »nd 
CjHtN.O  +  AjjNOa.  This  latter  salt  is  very  characl^r- 
iBtic,  and  may  be  obtained  by  precipitation  of  an  aqueous 
solution  of  the  base  with  nitrate  of  silver.  It  readily  dis- 
solves in  somewhat  strong  boiling  nitric  acid,  and  is  re- 
precipitated  on  cooling,  in  beautiful  needles  of  a  definite 
composition. 

Other  chemical  Relations  of  ffi/poxantfiine. — Hypox- 
antliine  ia  considered  to  be  closely  related  also  to  guanine 
(a  well-known  constituent  of  guano,  and  sometimes  found 
in  the  human  liver  and  spleeu).  The  two  substances  pre- 
It  many  characters  and  general  reactions  in  common. 
mine  is,  however,  CsHaNjO,  and  is  sometiincs  re- 
garded as  amidated  hypoxauthine ;  moreover,  just  as 
hypoxanthine  yields  ^canthiue  by  oxidation  and  sub- 
sequent reductiou  of  the  uitro-com pound  with  ferrous 
sulphate,  so  also  guanine  under  such  treatment  yields 
xanthine. 

By  one  prtjceas  of  oxidation,  guanine  yields  [larabauic 
add,  guaoidio,  and  carbonic  anhydride,  thus  : — 

C.n^.O  + 11,0  +  30  -  0,11^,0,  +  OH,II,  +  CO,  i 

and  by  another  milder  process  of  oxidation,  employing 
potassic  permanganate,  guauine  is  converted  iuto  urea., 
oxalic  acid,  and  oxyguanin. 

The  great  iutei-est  of  tliese  bases  consists  in  theij 


tiou  to  the  urea  bodies  aiul  uric  acid  on  the  one  haodt 
md  their  common  derivation  by  metamorphosis  of  aJbu- 
minoua  compounds  on  the  other  hand. 

K^       The  other  chemical  relations  of  guanine  are  given 

Bbelow. 

H  Guanine^  CfHsPTsO. 

V  This  substance  is  so  chemically  interesting,  that, 
altliougli  it  is  doubtful  whether  it  ever  occurs  in  urine, 
it  deserves  some  mention  here.  Scherer  states  to  have 
found  it  in  the  liver  and  pancreas,  but  the  detection 
depended  for  its  intL-rpretation  rather  upon  mere  test- 
tube  exiieriments  than  upon  analysis. 
P  Gujinine  occurs  iu  the  escremeuls  of  spiders,  the 
crayfish,  the  scales  of  fishes,  &c.  &c.  Peru  guano  fur- 
nishes about  a  half  per  cent,  of  guanine,  and  other  kinds 
yield  it  also  in  smaller  amount. 

Method  of   Prepanitiim. — It  nmy  be    obtained   by 

liling  guano  with  milk  of  lime  for  24  or  30  hours,  until, 

in  fact,  ammonia  ceases  to  be  evolved.    The  insoluble 

deposit  is  then  rc[>eHtedly  extnictcd  with  boiling  water,  and 

the  imited  extracts  neutralised  with  hydrochloric  acid  and 

nceutrated.      After  some  time  a   reddlsJi  precipitate 

;iirs ;  this  consists  of  a  mixture  of  quinine  and  uric 

It  is  isolated  and  extracted  with  boiUng  liydro- 

chloric  acid,  which,  while  it  leaves  the  uric  acid  almost 

caUicly  undissolved,  tabes  up  the  guanine,  and  on  cooling 

^  the  filtrate  the  hydrochlorate  is  depnsited  in  crystals. 

the  hot  aqueous  solution  of  this  salt,  the  piure  base 

by  prcci])itatton  with  ammonia. 

iQmaPitl  Pri>perties  of  Guanine. — Guanine  ia  a  white 

tosuUible  in  water,  alcohol,  and  ether,  and  quite 


Vbo 


^conc 
Bdccu 
Kcid 


luble  in  acetic  acid.  With  strong  acids  it  forms 
ciystallisable  sails,  and  with  ilie  chlorides  of  mercury, 
cadmium,  zinc,  and  platinum,  tho  hydrochloral*  yields 
double  salta. 

Kerner  found '  that,  when  introduced  into  the  human 
stomach,  it  increases  the  amount  of  excreted  urea. 

The  chemical  decompositions  of  this  base  have  been 
ly  described  under  *  Hypo  xanthine,'  and  it  is  only 
lecessary  here  to  name  the  cliief  compounds  of  guanine. 
They  are  aa  follows  ; — 

Kitrogminu»»0(H,(NO,)NiO.  ud  mitrBteof  this,  C,n^(NO,)NiO,nNOy 
The  hydrochlormtt,  CjHgX.CnOl  +  H,0. 

„       „       of  silver  cooipound,  OjIIjNjOiAgNO,. 
„  doable  pUUaum  salt.  i<C,H,N,0,IiCn  +  PtCl,  +  H,0. 
And  tha  mercury  caiiipountl,  2(,CjH,NjO,HgCl,)  +  511,0. 

Diagnosis  of  Bases\  allied  to  Xanthine Thudichum, 

in  his  work  on  the  urine  already  menlioued,  gives  an 
interesting  and  important  diagnosis  of  the  cliief  reactions 
of  bases  of  tlie  xanthine  group,  wliich,  with  his  permla- 
rion,  I  here  reproduce ; — 

Xanthine,  h3rpoxan thine,  and  guanine  resemble  each 
other: — 
*(1)  By  tlieir  solubility  in  dilute  warm  nitric  acid. 

(2)  Their  precipitation  from  this  solution  by  argentic 
nitrate. 

(3)  The  solubility  of  this  silver  compound  in  much 
warm  moderately  dilute  nitric  add. 

But  they  differ  by : — 

(4)  Hypoxanlhine   silver  nitrate  being    quickly  de- 
posited in  crystals  on  cooling. 


>  K«mer,  Ann.  Ciem.  103  (IS57>  SIO. 


214  WTBITIOX;   OB   *  WORK  AND   WASTE.' 

(5)  Xanthine  sHver  nitrate  bdng   deposited  from 
similar  solution  only  after  long  standing. 

(6)  Guanine  silver  nitriLte  secma  to  be  deposited  at 
period  later  than  Lypoxantbine  and  earlier  thi 
xanthine. 

They  further  resemble  each  other: — 

(7)  By  being  precipitated  as   silver  compounds 
from  nitric   ficid  by  n  slight  excess  of  ammoT 
added  to  the  nitric  acid  solution  just  described. 

(8)  By  the  complete  solubility  of  tliese  silver  com' 
pounds  in  a  large  excess  of  concentrated  causti^ 
ammonia. 

(9)  By  the  reappearanccof  the  silver  compound  when 
the   lai^e  excess  of  amraoma  ie  allowed  siioul 
neously  to  evaporate  or  is  expelled  by  heat,' 

KrcfiHne,  C.H^jO,, 

Kreatine  was  discovered  in  thcjuice  of  flesh  by  Cljei 
reul.  It  is  in  particular  a  constituent  of  working  niusch 
such  as  tlie  heart  of  the  ox,  wliich  contains  as  much  as  1  '3 
per  uiille.     According  to  Gregory,  a  pound  of  human 
ilesh  yields  about  h  grains  of  kreatine,  or  according  to 
Thudichum,  0*G7  jier  niille ;  the  ilesli  of  fowls  3"2  pt 
mille,  and  that  of  codfish  0-9  to  1"  per  mille.' 

Thudichum  further  relates  that  the  flesh  of  an  ox  fed 
on  meat  duiiug  200  days  at  tlie  Anatomical  Institution 
of  Giessen  tlid  not  yield  more  than  one-tenth  as  much 
kreatine  as  was  obtained  from  the  flesli  of  wild  fosea^ 
This  and  other  considerations  seem  to  indicate  thut  krca^ 
liuo  is  a  product  of  change  produced  in  muscles  by  the 

*  8m  Tbodichum's  woik  on  tbe  Urine,  p.  133. 
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ice  of  motion  :  that  it  is  an  excretory  product  there 
can  be  little  doubt,  as  we  shall  presuntly  see  when  \Xs 
chemical  reLitions  to  urea  and  other  bodies  arc  deseribed. 

In  the  blood  it  appears  to  become  changed  into  urea 
and  kreatinine ;  but  whether  it  occurs  in  nonnal  urine  is  a 
matter  of  doubt,  because,  although  it  may  be  fouud  ac- 
companying kre-atinine  in  uriut?,  it  is  not  certain  whether 
the  operations  involved  in  its  detection  are  not  sulUcient 
to  produce  it  from  that  substance. 

Metitod  of  Preparation. — Kreatine  is  best  prepared 
jfrom  ox  heJirt,  fowls'  flesh,  pigeon's  flashj  or  beef,  by 
freeing  the  tissue  as  far  as  possible  from  fat.  then  mincinfr 
it,  and  extracting  repeatedly  with  water.  The  extract 
so  obtained  is  heated  to  about  60°  or  70"  C,  when  llie 
albuminous  parts  held  in  solution  coagulate  and  carry 
down  with  them  the  myochrorae  (or  colouring  matter  of 
muscles).  The  mixture  is  then  filtered,  first  tlirough  a 
linen  cloth  and  afterwards  through  paper,  and  freed  from 
phosphoric  acid  and  certjiin  coloured  matters  by  precipita- 
tion with  excess  of  baryta  water.  The  strongly  alkaline 
solution  must  then  be  filtered,  and  tlie  filtrate  concen- 
trated to  a  syrup  and  allowed  to  spontaneously  evaporate, 
by  which  means  a  crystalline  crop  of  the  base  is  obtained. 
Or  the  syrup  may  be  precipitated  with  basic  acetate  of 
lead,  and  the  filtrate  freed  from  exouss  of  tlie  reagent  by 
means  of  sulphuR'tted  hydrogen.  The  ultimate  filtrate 
on  concentration  and  spontaneous  evaporation  jieldscrj's- 
tals  of  kreatine.  These  may  be  purified  by  re-dissolving 
them  in  hot  water,  and  boiling  with  a  little  animal  char- 
coal, then  filtering  and  again  crystallising. 

General  PropertieJi  and  Characters. — Tims  obtained, 
kreatine  forms  colourless  brilliant  prismatic  crystals  o*"  - 


a« 


ASB   «J 


Cold 


1^9  not 
C<HiqwM>A^31iehyAodJor<e,C3JW,HCtMy 

be  obeakied  io  columfcm,  weO-defioed  opttK  as  "Mf 
abo  theoonapoadbg  ralphilc,  2(C.H^A\H^«  I7 
iheewmpontkm  of  eqnzvafent  niMnlhfnr  "f  lh*  base  and 
the  acids  in  racuo,  or  as  a  tempcntiire  bdow  Sff  C 

Ibe  Bttnte,  CAN/)wB^O>,  is  obcained  in 
ciyitala  bjr  poaaag  mtroiB  add  gas  into  a  mixtore 
kreatioe  and  water ;  the  kreatine  is  thus  dissol-red,  ud 
after  eoroe  time  (be  nitrate  is  fwised  and  deposited. 

Chf.mical  Decompositiana  aiid  Bdatiaiucf  KretUine^ 
When  kreatioe  is  bailed  with  excess  of  a  stioi^  sohit 
of  baryta  water,  it  niflTers  decomposition,  and  in  the 
stage  of  the  proci^ts  sarkoane  (C,H;XO.)  is  formed,  wl 
ammonia  aud  carbonic  anbydride  are  evolved,  bnt  Um 
laltcT  probably  result  from  a  secondary  change  cons 
of  the  decomposition  of  urea,  which  substance  may 
obluiucd  from  the  solution ;  thus :  — 

Ofl^Sfi,  +  Ufi  -  CH,N,0  +  C.HjNOr 

On  the  other  hand,  if  kreatine  be  boiled  wth  strong 
aolutioiu  of  hydrochloric,  sulphuric,  nitric,  or  phosphoric 
acid,  it  loses  the  clcmeuts  of  water  and  is  transformc 
iuto  krcatiuiuc  thus : — 

Cfl^sfi,  -  c.n,?f,o + n,o. 

"When  kreatine  In   water  is  boiled  wiUi    merci 
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oxide,  it  yields  an  oxalate  of  a  busic  substance  called 
mcthyluramiiie  (CjHtNj),  and  the  same  base  may  be  pro- 
duced by  substituting  sulphuric  acid  and  peroxide  of 
lead  for  the  oxide  of  mercuiy. 

Methyluramine  yields  nieihylaraiue  (CHjN)  by  treating 
with  alkflliea,  and  this  substance  is  also  produced  by 
treating  kreatine  itself  with  soda-lime.  As  krealine, 
when  subjected  to  other  processes  of  decomposition, 
yields  methyl -pambnnic  acid  ;  methyluRiminc  may  be 
r^vorded  as  the  residue  of  a  compound  of  urea  and 
methylamine,  resulting  from  the  abstraction  of  water, 
thus: — 

The  other  decompositions  of  kreatine  are  not  of 
peculiar  interest  for  the  purposes  of  this  work. 


k 


Kreatimne,  C.HI^^,0. 
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Kreatinine  was  first  obtained  (ia  the  form  of  an 
uuknowD  compound  with  zinc  chloride)  by  Heint^  and 
Petienkofer  from  human  urine,  and  afterwards  liebig 
established  the  simultaneous  preseuce  of  kreatinine  and 
kreatine  in  the  juice  of  all  kinds  of  fle^h  from  verte- 
brate animals.  But  inasmuch  as  Hcintz  and  Liebig  both 
subsequently  determined  that  ki'eallnc  is  formed  at  the 
expense  of  kreatinim;  (as  already  explained  under  '  Krea- 
tine '),  it  remains  doubtful  whether  kreatine  exists  at  all 
naturally  iu  the  body.  liebig  tdso  found  that  in  urine 
whhih  has  undei^one  putrefaction,  the  kreatine  becomes 
cban[;;ed  and  disapjiears,  while  tliu  kreatinine  is  not 
attacked. 
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Kreatinine,  then,  is  excrementitious,  like  lo  and 
lated  to  urea,  and  it  is  accompanied  in  the  juice  of  flcsl 
aud  in  the  uriae  with  kreatinc,  but  the  latter  may  posi 
sibly  be  derivcsl  entirely  from  the  former. 

MeiJiod  of  Preparation. — Krealiniue  is  best  prepared 
from  urine  by  treating  it  with  milk  of  lime,  neutralisation 
of  llie  filtrate  witli  acetic  acid,  evapomtinn,  and  removal 
of  the  salts  which  are  separated  ou  crystallisation.  The 
ultimate  sjTupy  motlier  liquor  gives  on  addition  of  u 
neutral  solution  of  chloride  of  23nc,  and  standing  for  a 
few  days,  a  deposit  of  kreatinine  in  combination  wiUi 
that  salt,  C^U^jOiZnCl,.  This,  however,  is  not  un- 
mixed with  kreatine,  mid  to  purify  the  prepiu-ation  the 
deposit  is  dissolved  in  water  at  100°  C,  and  decomjKwe^j 
with  hydrated  oxide  of  leafl.  In  this  way  an  oxycblohd^H 
of  lead  is  produced,  loj^ethcr  ■with  oxide  of  zinc,  both  of 
wliich  m*c  insoluble,  while  the  kreatinine  and  kreatine  pass 
into  solution.  On  evaporating  this  to  dryness,  and  ex- 
tracting  with  much  absolute  alcoliol,  the  kreatinine  dis- 
eolvcs,  while  the  kreatine  remains  undissolved. 

The  same  result  may  be  obtained  in  a  more  direct 
way  by  evaporating  the  neutralised  filtrate  resulting  afler 
the  niilk-of-Lime  treatment  of  tu'iue,  to  dryness,  and 
extraction  of  the  residue  with  alcohol  wliich  leaves 
kreatine  tindissoived. 

Tlie  extract  so  obtained  gives   the  zinc  compound, 
with  a  few  drops  of  the  neutral  chloride  of  zinc  solution, 
and  after  it  is  fnlly  deiwsitcd  (in  the  course  of  48  hours 
or  so)  it  may  be  decomposed  as  before  described.    Ne 
baucr  found  that  the  zinc  salt  obtjiined  as  above 
]>ure  enough,  after  washing  with  alcohol,  lo  be  weigh 
Kreatinine  may  be  also  obtained,   as  already 
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scribed,  by  boiling  kreatine  with  strong  hyclrochloric 
acid,  which  process  yields  the  hydrochlorate,  aud  this, 
by  decomposition  with  hydrated  oxide  of  lead,  gives 
the  free  base. 

It  may  nlso  be  obtained  from  urine  in  a  way  diflbreut 
firom  that  sketched  above.  Fresh  urine  is  fully  pre- 
cipitated with  neutral  lead  acetate  and  the  filtrate  con- 
centrated and  freed  from  lead  by  sulphuretted  liydregen. 
On  adding  a  solution  of  corrosive  sublimate  to  the 
tnotber  liquor,  a  white  doable  compound  of  kreatJuine 
with  mercuric  chloride  is  precipitated,  and  this,  by 
suspension  in  water  and  decomposition  with  sulphuretted 
hydrogen,  gives  hydrochlorate  of  kreatimne,  which  may 
be  crystallised  out  of  the  solution  alter  couceiitra- 
tioD,  &c. 

Kreatininc  may  be  purified  by  re-cr3'8tallisalioa  from 
alcohol  containing  a  little  animal  charcoal. 

General  Characters  and  Properties. — Krcatinine  crys- 
UlUsos  in  oblique  rhombic  prisms.  Water  dissolves 
about  8'7  per  cent,  at  15"  C,  and  in  hot  water  it  is 
much  more  soluble.  Cold  absolute  ulcoliol  dissolves 
about  1  per  cent,  of  krcatinine,  but  it  is  readily  soluble 
in  hot  alcohol. 

The  watery  solution  is  of  an  alkaline  character  and 
taste.  It  is  precipitated  by  argentic  nitrate,  giving  a 
mass  of  small  delicate  needles  of  a  double  compound, 
soluble  in  hot  water,  and  ciystaUisiug  out  again  on 
cooling. 

Compounds  of  Kreatimne.  —  The  hydrochlorate 
C4HtN,0,HC1  may  be  obtained,  as  described  above,  from 
urine.  It  may  1«  also  produced  In  an  anhydrous  state 
by  passing  dry  hydrochloric  acid  gas  over  dry  kreatinp 
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100*  C.     This  salt  is  soluble  in  hot  alcohol,  and  is  crys- 
talUne. 

A  OTj'stalline  sulphate,  CjIIjNjO^HjSOh  is  nlso  kno> 
By  evaporating  a  mixed  solution  of  kreatimne  hydro-1 
chlorate  with  one  of  platinic  chloride,  rosy  prisioatic 
crystals  of  a  double  salt  are  obtained,  containing  30'95 
per  cent,  plutinuni. 

The  chloride  of  zinc  compound  has  the  formula 
2(C4H7N,0)ZuCl„  and  crystallises  in  large  granules,  warts, 
or  needles.  It  is  not  very  soluble  in  cold  water  or  in 
strong  alcohol. 

With  the  salts  of  copper,  kreatinine  forms  a  blu^ 
cryslallisablt;  compound. 

Chemical  Relations  and  Decompositions. — The  general 
relatioua  and  changes  of  kreatinioe  have  been  already 
described  under  *  Kreatine,'  but  tlie  following  facts  may 
also  be  noted  here  - — 

When  treated  in  water  vnth  nitrons  acid  gas, 
effervescenco  occurs,   and    the   nitrate  of  a  weak 
of  the  cumpositiou  C«Hi«NflOa  is  formed.     When  this 
heated  to  100"  C.  with  hydroc-hloric  acid,  oxalic  adc 
chloride  of  ammonium,  and  a  base  (perhaps  CJI^NjC 
are  produt«d. 

When  boiled  with  potassic  permanganate,  kreat'mit 
is  decomposed,  yielding  methyliiramiue  oxalate. 

2C.UtN,0  f  U,0  +  W  -  2(C,tl,N,)C\II,0,  +  200^ 

Physiological  and  Pathological  Quantity  of  Kreatinine 
in  Urine. — Calculating  all  the  kreatine  and  kreatinine 
obtained  from  the  luine  as  kreatinine,  Thudichum  deter- 
mined the  amount  excreted  in  twenty-four  hours  at  about 
07-ia  j?rra.,  and  Ncubauer  found  from  0"6  to  13  grnis. 
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Of  the  quantity  excreted  in  disease,  Thudichum  writes, 
,'  The  quaQtity  of  kreatine,  together  with  that  of  kreati- 
Inine,  might  serve  to  indicate  the  intensity  of  any  spas- 
modic or  convulflive  action.' 

It  appears  that  the  quantity  of  kreatine  and  its  con- 
I  gener  coutaiued  in  the  muscles  stjiiids  in  a  sort  of  rt'lation 
fto  the  quantity  of  fat  deposited  in  tlie  body,  or  rather 
to  those  causes  which,  by  their  operation,  determine  the 
deposition  of  fat.  The  more  fat  the  less  kreatine  is  there; 
and  this  is  quite  upprt^ciultle  if  we  bear  in  mind  that  the 
mass  of  evidence  goes  to  show  that  kreatine  and  kreati- 
nine  are  pi-oducts  of  cliange  induced  Llirouj:h  muscular 
exertion :  if  so,  then  the  amount  depends  upon  the 
degree  of  exertion,  and  the  amount  of  fat  deposited  in 
the  body  will  be  in  an  opposite  proportion. 

^^^P  Sarkmine^  CsH,N'0,. 

^       Although  this  substance  has   never  boon  obtained 
(Urect  from  tlie  fluids  or  tissues  of  the  body,  it  is  of 

t interest  as  a  product  of  decomposition  of  krea^ne. 
We  have  seen  that  when  kreatine  is  boiled  with  baryta 
water  it  splits  up  into  Hiirkosino  and  urea,  and  it  may 
thus  be  obtained  by  continuing  the  process  until  all  the 
urea  is  decomposed  into  carbonic  anhydride  and  am- 
monia, and  crystallising  it  from  the  residual  filtered 
solution,  after  freeing  this  from  excess  of  barium  by 
means  of  carbonic  acid. 

It  may  be  purified  by  conversion  into  the  sulphate 
ud  decern p*jsitiou  of  this  with  earlHJuale  of  barium, 

Prffperties  and  ChuraeUv^. — Sarkosine  crystallises  in 
transparent,  colourless,  right  rhombic  prisms.    It  is 
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soluble  io  water,  sparingly  soluble  in  alcohol,  and  quit 
insoluble  in  ether. 

The  crystals  melt  at  a  little   above   100'  C,   and 
sublime  uuchanged.     The  aqueous  solution  has  do  ticti< 
ou  vegetable  colours.    A  sohition  of  sarkosine  gives,  wit 
one  of  cupric  acetate,  an  infcnRt?  bhie  colour;   aud, 
evaporation  of  the  mixture,  a  dark  blue  crystalline  doul 
salt  is  obtained. 

H  to  a  solution  of   mercuric  chloride  a  crystal  of 
sarkosine  be  added,  a  double  crystalline  salt  is  fomw 
througliout  the  mass. 

Chief  Compounds  of  Sarkosine.  —  The  sulphjit^ 
2(C,E;N0,)U,S0*,H,0,  crystallises  in  colourless  cubea^ 
and  is  nbtairkod  by  mere  treatment  of  sarkosine  wit^^ 
sulphuric  acid  in  equivalent  quantities,  and  crystallisation. 

When  a  solution  of  the  liydrochl  orate  is  heated  wit 
platinic  chloride  and  allowed  to  spontaneously  evaporat 
lai^e  flattened  yellow  octohedral  crystals  of  a    double 
salt  separate ;    this  has   the  comjwsitiou  expressed 
2(C,H,NO„ECl).l*tCl„2UaO,  and  loses  its  water  of  ciya 
Uiliisatiou  lit  10O*C. 

Chemical  Relations  and  Decompositiiyiis  of  Sarkosine. 
— Sarkosine   is   isomeric   with   ajlauine,  carbaraic  ethel^l 
(urcthanc),  and  lactamide,  but  quite  distinct  from  all  these" 
sul>staiJces  in  its  properties ;  chiefly  by  its  iuBolubility  ii 
ether  and  alcohol. 

Strecker    regarded    sarkosine    as    mcthyl-glycocint 
C3Hs(CHsXU3N)0„   and   an  experimental    support   wa 
given  to  this  view  by  Volliard,  who  prepared  sarkosine' 
synthetically   by    heating   nuHhylamine    iu   excess   with 
chloracetic  acid  in  sealed  tubes  to  130°  C. 

C^CM),  +  Cfl^  -  HCl  +  C,H,(CH,K)0,. 
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The  connections  between  sarkosine,  kreatine,  kreati- 
Dine,  xanthine,  hypoxantliiue,  guanine,  and  uric  acid  and 
urea,  are  therefore  pretty  well  estabUshed  in  many  points ; 
but  this  13  a  subject  which  admits  of  and  calls  for  ex- 
tended investigation.  It  will  be  seen  that  the  sti-uctural 
formula  given  to  uric  acid  In  the  section  on  that  subj  ect 
bcroniL's  more  inteUigible  iu  the  light  of  other  results 
givea  iu  subsequent  places. 


Hippurie  Add,  CsHjNOj. 

Tliis  substance  was  discovered  as  a  chemical  in- 
dividual present  in  the  urine  of  cows  by  EoucUe,  in 
1784  ;  he  also  showed  that  during  the  putrefaction  of 
the  urine  it  decomposed-  About  1829  liebig  analysed 
it,  and  Keller  showed  that  when  benzoic  acid  was  taken 
into  the  stomach,  hi])p\U'ic  acid  appeared  iu  the  urine  in 
increased  quantity.  Subsequently,  Dessaignes  eflected 
the  synthesis  of  this  acid  from  benzoic  acid  and  glyco- 
dne. 

Tliat  hippuric  acid  is  a  normal  constituent  of  htiman 
nriue  appears  to  be  proved  beyond  doubt,  while  it  b  a 
regular  ingredient  also  of  the  urine  of  herbivorous 
animals  ;  it  is,  moreover,  present  in  guano. 

Method  of  Preparation. — Tlie  fresh  urine  of  cows  is 
treated  with  milk  of  lime,  boiled,  filtered  from  the  pre- 
cipitated phosphates,  &c.,  and  the  iiltrate  treated  witli 
hydrochloric  acid  to  neutralisation.  On  concentration 
and  a  further  addition  of  hydrochloric  acid,  brown 
crystals  of  hippuric  acid  are  gradually  deposited.  As 
thus  obtained,  the  acid  may  be  purified  by  re- dissolving 
ia  water  and  decolori^tion  by  means  of  clilorine  gas. 


224 


yUTRITIOy;   OE  'WORE  A5I»  ITABTE.' 


In  this  vay  tbe  colouring  matter  asaociated  with  the 
oystals  is  oxidised  and  rendered  soluble,  and  by  ciystalli- 
sBlion  of  the  soluticm.  pore  hippuric  acid  is  obtained  in 
loi^,  colourtesB,  tnn^fiareat  needles. 

Or  tbe  impure  add  may  be  directly  obUuned 
the  fre^  urine  of  cow^  fed  upon  gmsa  by  addition 
considerable  excess  of  hydrochloric  acid ;  Kr&ut  in 
way  obtained  more  than  one  pound  of  the  crude  product 
from  120  pounds  of  urine. 

It  is  best  obtained  &om  human  urine  as  follows : 
While  still  fresh,  the  urine  is  treated  with  milk  of  mi 
nesia,  filtered,  and  the  filtrate  concentrated  to  a  syrupj 
The  prrxluct  has  then   to  be  strongly  acidified  witl 
hydrochloric  acid,  and  the  mixture  extracted  with  ether. 
By  distillation  of  the  ethereal  extract,  hippuric  add  is 
obtained  in  a  more  or  less  impure  state,  and  may  be 
purified  as  above  described,  or  by  heating  its  aqueous 
solution  with  animal  charcoal,  filtering,  and  re-crystal- 
liring.     Or  the  add  may  be  preparetl  synthetically  by 
heating  etjuivaleut  quantities  of  benzoic  acid  and  gly- 
cociue  in  sealed  glass  tubes  at  160"  C.     A  similar  result 
is  obtained   by  heating  monochloracetic  acid  and  bei 
amide,    also    in    sealed   tubes,  at    155"  C,  when    th« 
following  reaction  occiu^ : — 

c  jijOio, + c,n,cn^^  o  -  c,n^'o, + ncL 

PropertuA  and  Characters  of  Hippuric  Acid. — 1 
hippuric  acid  crystallises  from  water  in  prisms,  but  from 
alcoholic  solutions  it  is  deposited  in  granides  of  a  crys-J 
talliiie  natiu'e.  It  is  but  slightly  soluble  in  cold  water^ 
(1  in  400),  but  Is  soluble  in  boiling  water  and  alcohol ;, 
quite  or  almost  insoluble  in  ether,  but  soluble  in  sodiunL] 
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phosphate  solution.      Its  aqueous  solution  presents  an 

I  acid  clioracter  to  test  paper.    Ilippuric  acid  is  monobasic, 
ftnd  forms  a  number  of  clearly-defined  sails. 
Compounds   of  Uippuric   Acid. — ^The   salts  of  the 
alkalies  and  of  magnesium  are  very  soluble  in  water, 
and  crystallLse  with  difficulty.     Acid  salts  of  potassium 
and    sotlium    may   be    obtained.      Calcium    hippiirate, 
[Ca(C,H«NOi),3IIaO,  is  obtained  by  the  decomposition  of 
Icic  carbonate  with  hippuric  acid.      It  is  soluble  in 
|irater,  and  crystallises  in  rhombic  prisms. 

Hippurate  of  lead,  Pb(C9ngN0j)j,  is  also  somewhat 
leoluble  in  water.  It  is  deposited  in  curds  from  strong 
)lutions,  but  from  more  dilute  solutions  it  crystallises  in 
tufts  of  silky  needles,  containing  2H,0,  and  these  gradu- 
ally change  into  broad  quadrangular  plates,  containing 
3HsO.    There  is  also  a  basic  hippurate  of  lead  and  salts 

I  of  mercury,  silver,  iron,  cobalt,  nickel,  copper,  and  zinc. 
When  to  a  solution  of  hippiu-ic  acid  in  concentrated 
nitric  acid  there  is  added  an  equal  bulk  of  sulphuric 
acid,  meanwhile  avoiding  any  considerable  rise  in  tem- 
perature, nitro-hippuric  acid,  C,Hg(  NONO,,  is  produced, 
and  is  gradually  deposited  from  the  solution  on  dilution 
^with  much  water.    By  Iwiling  with  sulpliuric  or  hydro- 
Hchloiic  acid,  nitro-hippuric  acid  is  converted  into  nitro- 
V  benzoic  acid  and  glycocine.    On  the  other  hand,  when 
nitro-benzoic  acid  is  taken  internally,  it  reappears  in  the 
urine  as  nitro-hippuric  acid,  having  combined   in   the 
system  with  glycocine. 

■  Decompositions  and  Chemical  RelaHons  of  Hippuric 
Acid. — ^Hippuric  add  melts  at  a  gentle  heat,  and  at 
alx)ut  200"  C.  decomposes  with  an  appearance  of  ebul- 
hiion :  by  distilling  in  this  mimner  it  jnelds  bcnzcHC  acid, 
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and  a  red  oil  containing  benzo-nilrite  ;  hydrocyanic  acid_ 
and  ammonia  are  also  proclucecl,  while  a  mass  of  chi 
is  left  behind. 

It  has  already  been  stated  that  by  boiling  with  aci 
it  ia  resolved  into  beuzoic  acid  and  glycocine,  thus  : — 

Alkalies  pruduce  a  similar  result   with   the   fomiatiou 
of  beiizoates  of  the  alkiilies ;    and  it  is  also  stated  tli^fl 
certain  ferment*  are  capable  of  initiating  and  carrying  out 
a  similar  decompositionj  particularly  in  the  presence 
alkidies.     The  decomposition  of  the  acid  In  putrefyii 
urine  is  explained  in  the  way  kst  mentioned.     From 
behavioui'  of  benzoyl  chloride  witli  oxide  of  zinc  it  is 
conjectured    that   hippuric    add  is  benzoyl    glycocine, 
C,H4(C7HaO)NOs,  and   this  view   derives  support   from 
the  fact  that,  when  boiled  with   peroxide  of    lead,  a 
solution  of  hippuric  acid  yields  au^bonic  anhydride 
beuzamide,  thus : — 

C,H,(C,n^O)NOj  +  0,  =  11,0  +  2C0j  +  (a,lI,(NH,)0). 

When  hii)puric  acid  is  acted  upon  by  nitrous 
the  following  reaotiun  occurs  : — ' 

That  is  to   say,  benzoglycolic  acid  and   nitrogen 

formed,  and  it  was  upon  this  basis  that  Strecker  n-gardi 
hippuric  acid  as  amiJated  beuzoylycolic  acid. 

This  benzoglycohc  acid  orystjtllisea  in  rhombic  pi-ism? 
and   is    e»si)y  soluble  in   alcohol  and   ether,  but   not 
very  soluble  in  water.      It  also  forms  the  calcium  salt 
Ca(C'glI,0.)s,  which  is  crystaUine. 
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When  hcntal  with  dilute  acids,  benzoglycolic  acJd 
splits  up  into  benzoic  acid  and  glycolic  acid,  thus : — . 

CjTijOj + H,o  -  c,H,Oj + c^ap,. 

From  the  foregoing  detailed  facts,  hlppiiric  acid  is 
sometimes  regarded  as  benzoyl  glycociue  and  suinetitnes 
as  amidatcd  benzoglycolic  acid. 

Physiolopcal  Quantity  of  Ilippuric  Acid. — ^Not  only 

benzoic  acid,  but  also  benzoic  etlier,  trenzoyl   hydride, 

ciniiaDiic  acid,  and  in  short,  a  large  number  of  benzene 

derivatives,  split  up  when  introduced  into   the  animal 

economy,  the  benzoyl  radical  reappearing  in  combination 

with  glycocine  iu   the  urine  as  hippuric  acid.     In  cod- 

sequcQce,  the  natiu*e  of  vegetable  food  has  a  direct  in- 

BAucuce  upon  the  quantity  of  hippuric  acid  present  in  the 

urine.     Greengages,  which   contain  much  benzoic  acid, 

^therefore,   when  taken  as  food,  materially  increase    its 

^amouut.     From  the  fact  that  hippuric  acid  seems  to  be 

a  constant  Ingredient  iu  lU'ine,  it  appears  necessar)'  to 

assume   that  albuminous    substances  in  the   body  are 

capable  of  furnishing  the  benzoic  acid  necessary  to  give 

Kiiso  by  combination  with  glycocine,  to  the  production 

^of  hippuric  acid.     The   source   of  the  glycociue  is  still 

^problt^matical. 

H       Keviewing  a  mass  of  evidence  based  upon  the  re- 

^aeaiches  of  lire,  Keller,  Hallwachs,   Ducheck,   Proust, 

and  KHhne,  iu  addition  to  hia  own,  Thudichnm  writes' 

relative  to  the  transfomiation  of  benzoic  into  hippuric  acid 

in  the  economy  as  follows  : — 

*  On  the  wliule,  the  experiment-«  show  that  the  trans- 
udation is  probably  effected  m   the  intestinal  canal  ; 


*  Work  on  th«  Urine.    1877  «<litioii,  p.  164. 
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that  the  bile  is  not  esaential  to  it;  that  other  products  of 
the  decomposition  of  the  food  lu  the  intestinal  canal  can 
furnish  the  glycodne,  and  that  the  blood  by  itself  doea 
not  furnish  the  glycocine,  or  allow  its  combination  with 
benzoic  acid  to  lake  place  within  the  limits  of  the  cir- 
culation.' 

Hallwacha  determined  the  quantity  of  hippuric  acid 
contained  in  24  hours'  urine  at  1  grm.,  while  Weissraaim^ 
arrivc<l  at  a  larger  figure,  but  it  ia  probable  from 
method  of  investigation  that  the  hippuric  acid  he 
tained  was  contaminated  "with  other  substances. 
Jones,  in  iv  nxiniber  of  experiments,  arrived  at  a  mean 
figure  les3  than  one-hall'  of  that  given  by  Hallwachs,  and 
showed  that  the  quantity  was  increased  after  taking  food. 
Thudichum  found  minji  larger  quantities, — a  &ct  which 
he  explains  by  ])ointiDg  out  possible  losses  in  the  method 
of  Bence  Jones  and  other  investigators.  Hallwachs' 
determination  may  therefore  be  taken  as  tolerably  near 
the  truth.  It  must  not  be  forgotten,  however,  that  the 
amount  of  hippunc  acid  varies  with  the  nature  of  the 
food,  and  is  particularly  increased  when  greengages, 
plums,  blackberries,  and  other  fruits  are  eaten.         j^^H 

The  hippuric  acid  present  in  urine  is  supposwf^^^ 
exist,  partly  at  least,  as  sodium  salt ;  but  when  the  quan- 
tity is  great,  or  when  the  urine  contains  much  free  at 
hippuric  acid  is  deposited  in  the  free  state. 

It  shoidd  also  be  stated  that,  accompanying  hippuric 
acid,  Thudichum  met  with  benzoic  add  in  a  number  of 
cases,  and  according  to  him,  under  such  conditions  Sfl 
negative  the  derivation  of  it  from  hippuric  acid. 

According  to  certain  authors,  tlie  excretion  of  hippuric 
acid  ia  increased  in  febrile  afTectlons  and  diabetes,  but  as  a 
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itter  of  fact  the  quautity  ajipeara  to  ilejiend  more  upou 
[the  nature  of  the  food  than  upon  the  disease. 

In  a  recent  publication,'  Thudichum  details  the 
ithod  by  wliich  lie  sutx^eL-Jed  in  isolating  what  lie  con- 
to  be  a  new  constituent  of  human  mine.  This 
mutter  will  be  best  understood  by  briefly  indiciiting  the 
;xaet  way  in  which  he  obtained  it. 

The  urine  was  acidified  bj  sulphuric  acid,  and  fully 
"^precipitated  by  a  intric  acid  solution  of  [iliosphoinolybdic 
acid.  The  precljiitutc  was  waslicd  with  water  slightly 
acidulated  with  sulphuric  acid,  and  then  decomposed  by 
boiling  baryta  water  in  excess,  filtered,  and  the  fdtrate 
freed  fi-om  excess  of  uucombined  barium  by  au-bonin 
anliydiide.  This  filtrate,  when  concentrated,  deposi*«d 
urate  of  barium,  and  was  showu  to  contaiu  much  uro- 
cbixirae,  as  evidenced  by  the  tlecom position  protlurt,-*  wliich 
it  yielded.  It  was  therefore  subjected  to  successive  pre- 
cipitations with  neutral  lead  acetate,  basic  lead  acetate, 
aud  an  auunouiacal  solution  of  the  latter  reageut.  It 
was  from  these  precljiitates  by  decomposition  with  sul- 
phuretted hydrogen  that  Thudichum  obtained  urochrome 
and  xanthine.  The  fdtrate  from  the  lead  precipitates 
was  freed  from  lead  by  sulphuretted  hydrogen,  and  was 
then  found  to  contain  lireatinine  and  tlic  new  body  re- 
ducing. These  were  separate<l  by  evaporation  to  dry- 
nen  and  e.\tracUon  of  tlie  residue  with  boiUng  absolute 
HJcohol.     In  this  way  the  kreiUiniue  was  removed,  and 


KfjMxrt  Mtdkal  Offleer  of  the  iVtcy  CauncU.     N«w  Seriet,  Xo.  H. 
tl.  1676. 


230  XtTRlTIOS  ;   OB   'WORK    AND    WASTE.' 

an  insoluble  combination  of  reducine  with  barium 
niniiied  UDdit<solveil. 

This  barium  salt  was  soluble  in  water,  anil  left  barii 
carbonate  when  ignited.     A  solution  of  the  salt  in  waicr 
when   acidified  with  nitric  acid  and  treated  with  silver 
nitrate,  gave  a  wliite  precipitate,  which  blackened  almost 
immediately.     Hence  Thudichiim  named  the  new  boi^J 
redwMie.  ^^ 

The  barium  salt  dry  at  100°  C,  showed  on  aualysifr 
the  following  percentages : — 

c s7-<»a 

II 4-383 

N 16-860 

Ua as-MO 

0 s7-ar« 

And  from  these  the  provisional  formula  at  tlic  head 
thi<i  article  was  calculated  out. 


Jndigogen^  CjHjNO,  aiid  Urrhodlnogen. 

In  1845  Heller'  found  in  the  urine  a  yellow  sul 
stance,  termed  by  him  uroxanthine,  which  by  treatment 
with  acids  in  the  warm  jriclded  a  blue  colouring  matter, 
uroglaucine,  and  a  red  one,  urrhodine.  Later  on,  Kletz- 
iiisky  proved  the  identity  of  t!ie  blue  sulistance  with 
indigo  blue,  and  erroneously  a.ssertcd  the  identity  of  the 
red  colour  with  indigo  red.  Tliia  subject  attracted  from 
time  to  time  a  numlwr  of  workers,  and  so  vast  has  be- 
come its  liteniture  that  it  is  impossible,  as  it  is  equally 
uuproStable  also,  to  follow  it  in  any  detail.  Suffice  it  to 
say,  that  about  1854  Schunck '  obtained  from  iudigofene 


>  ArcAic.Jiir  C^atiie  und  .VicroK,  1646. 
'  MttKhMrr  Mrmoiri,  1866,  Tol.  xii.  p.  177. 


I.VDICAN  AXD  URINE. 


231 


principle  resolvable  by  acids  into  tnciij^o  bhie  on  the 
one  bond  and  a  sort  of  glucose  on  the  other  hand,  as 
LIqws  : — 

It]<1li«i].  Trji11(-i>  nii]i>,  tiiiligUii'lii. 

CmIV'Oii  +  H^O  -  C,U,NO  +  3C,U,oO,. 

Subsequently,  by  suitj^ble  treatment,  he  claiinc;d  to  have 
|demonstrat^_^J  the  identity  of  Heller's  and  Kletziiiaky's 
liiroxanthine  with  his  indicau. 

Since  then  (1864)  Thudichum  controverted  this  doc- 
I  trine  of  the  glueoside  nature  of  uroxanthine ;  but  to-day, 
Hwhilc  Thudielium  is  not  alone  in  his  views,  a  number  of 
Bother  physiologiail  chemists  endorse  the  more  popular 
"notion  already  alluded  to,  and  which  is  suj>ported  by 

IJafi^. 
Thudichum's  view  haa  been  supporttid  by  KiuprzetC 
and  Hake,'  who,  writing  of  indican,  sty :  '  Its  presence  in 
the  urine  at  any  time  is  extremely  doubtful,  for  in  the 
first  place  no  such  substance  has  ever  been  isolated  from 
Knrine,  aud  in  the  second  place,  when  that  blue  colour  ia 
.obtained  which  is  supposed  to  be  eharactcrislic.  of  indigo 

I  blue,  and  refurablt?  to  indicau,  side  by  side  with  it,  sugar 
is  not  produced.  When  a  solution  is  obtained  which 
exercises  a  reducing  action  on  FehUug's  copper  solution,' 
there  is  every  reason  to  believe  the  case  abnormal  in 
Bome  respect.  When  urine  is  treated  with  its  own  volume 
|Hof  hydroclJoric  acid,  a  blackish  precipitate  falls  on  stand- 
Ving,  aud  this,  al'ter  extraction  with  dilute  acid  aud  then 
with  absolute  alcohol,  is  said  to  leave  indigo  blue  upon 
the  filter.  We  have  rarely  met  with  cases  where  any 
blue  is  obtained,  and  when  it  has  been  obtained  it  has 

*  QuvUrig  Journal  of  Scienct,  Jiutuuy  1877. 
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amounted  to  little  more  tbao  a  stain.    But  it  will  hi 
evident  that  in  any  case  it  is  not  justifiable  to  apujik 
indican  as  a  iieyer-fiiiling  consliuicnt  of  urine.     Fiirtht 
the  name  should  no  longer  be  retained,  for  if  indican 
a  glucosido,  and  if  tlie  blue  colour  from  urine  be  unj 
iL'uded  with   sugar,   then  at  least  the  substance  in 
urine  cannot  be  indictin.' 

Meiliod  of  Prejyaration  of  Indigo  blue. — Hellei 
method  is  as  follows.  Fresh  urine  is  ]>rccipitated  by 
liot  solution  of  plumbic  acetate,  and  the  (illi-ate  freed  from 
lead  by  sulphuretted  hydrogen,  ihc  excess  of  the  latt 
reagent  being  expelled  by  boding.  The  solution  thi 
prepared  is  puurixl  into  an  equal  volume  of  pure  conceri' 
trated  hydrochloric  acid,  stirring  in  the  meantime.  The 
mixture  genendly  becomes  of  a  blue  colour,  and  if  only 
violet  or  red,  no  indigo  blue  will  be  obtained.  BI» 
solutions,  however,  deposit,  after  atlmi.xture  with  an  eqi 
quantity  of  water  and  some  twelve  or  more  hours'  stand-' 
ing,  a  copper-red  coloured  deposit,  nnd  this  after  twenty- 
four  hours  is  separated  by  filtration,  washed  with  M-aier 
at  100"  C,  and  finally  with  alcohol.  When  dried,  it  is 
extracted  with  ether  so  long  as  the  ether  extracts  are  of 
a  red  colour.  This  red  matter  is  urrhodine,  and  of  this 
more  anon.  The  insoluble  blue  mutter  is  extracted  witlH 
alcohol  of  083  to  090  sp,  gr.,  »o  long  as  anything  i^^ 
dissolved,  and  from  the  filtered  extracts  indigo  blue  dc-^ 
posits  on  cooling  in  microscopical  crystals,  leaving  tl 
alcoholic  mother  liquor  colourless. 

Schimcfi'^  Method  of  obUiinmg  Tndigo  blue  from  Urine 
is  as  follows : — 

The  lurine  is  first  precipitated  with  normal  acetat 
and  then  with  basic  acetate  of  lead,  tlie  de|K>sit8  bcii 
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red.  The  nearly  colourless  liquid,  freed  from  phos- 
phoric and  sulphuric  and  some  hydrochloric  arid,  is  now 
treated  with  ammonia,  which  causes  a  fuiiher  lead  com- 
I  pouud  to  be  precipitated,  and  when  this  is  decomposed 
I  hy  au  acid,  the  filtrate  deposits,  ou  standing,  indigo  blue. 
Indigo  blue  tmd  lurhodiue  may  also  be  prepared  from 
urine  which  coulaius  the  necessaiy  antecedent  priuci])Ies, 
by  mixing  with  an  equal  volume  of  strong  hydrochloric 
acid,  after  whioh  the  first-named  bodies  gradually  depoait 
diuriug  the  few  ensuing  ctays. 

■  It  is  quite  uuueceasary  to  give  the  description  of  a 
mimber  of  other  proceedings  by  which  the  same  results 

I  are  attained. 
That  the  indigo  blue  and  un'hodinc  arc  not  derived 
firora  the  yellow  colouring  matter  of  xu-ine  is  certain,  for 
the  most  colourle^is  urine,  such,  for  example,  as  the  first 

I  urine  in  the  reaction  from  cholera,  yields  the  most  indigo 
blue.  Further,  the  very  method  (of  prcci]jitation  with 
lend)  of  isolating  indigo  blue  removes  previously  most  of 
the  colouring  matter  of  the  urine.  Indigo  blue  is  there- 
fi)re  derived  from  a  colourless  constituent  of  the  urine  or 
iudigogen,  C«H,NO(P). 

■  On  the  other  hand,  urrhodinc  seems  to  have  no  re- 
lation to  mdigo  red.  Wlien  obtained  from  the  ether 
extract  of  the  mixture  of  indigo  blue  and  itaelf  by  distil- 
lation, it  forms  an  uncryatallisable  brownish  red  resin, 
which  is  free  from  nitrogen,  Thudichum  calls  the  body 
which  iurnishes  it  by  decomposition  with  the  acid,  urrho* 
dinogen. 

That  it  is  free  from  nitrt^en  was  proved  by  an  analysis 
Thudichum's,  conducted  on   the  principles  described 
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by  Thudichura  and  Kingzett,*  id  which  it  showed  Sl-OJ 
per  cent,  carbon,  but  no  nitrogen. 

This  substance,  mrhodine,  when  sublimed,  jields  al 
red  vapour,  wJiich  condenses  into  aa  amorphous  red| 
matter  mixed  wlUi  minute  colourless  crystals.  It  is  very 
solubU;  in  alcoluil.  Urrhodine,  therefore,  has  probably 
never  been  obtaiuetl  pure,  but  it  is  proved  to  have  no 
relation  to  indigo  red,  and  well  deserves  Tnore  exhaustive 
study. 

Characters  and  Properties  of  ]ndigo  hlue  from  Urine, 
—Indigo  blue  (C.HoNO)  from  urine,  when  slowly  pre- 
cipitated from  its  solutions,  or  wiieu  obtaini'd  by  sub- 
Umation,  assumes  the  shape  of  miuule  irregular  crystals. 
Its  vapour  has  a  violet  reel  coloiu-,  and  it  is  (when  freshlj 
pre(*i[HtaLt;d)  somewhat  soluljle  in  boiling  alcohol,  givii 
a  Holutioii  with  a  characteristic  qiectmm. 

It  dissolves  in  fuming  sulphuric  acid  to  a  blue  colourj 

The  alcohoHc  solution  of  indigo  and  the  solution 
its  sulpho-acid,  are  both  rendered  colourless  by  nascent^ 
hydrogen  and  other  reducing  agents.  Moreover,  when  i 
indigo  blue  is  digested  in  a  closed  vessel  with  grapdH 
sugar  and  potash,  it  is  also  reduced  to  a  colourless  solu- 
tion wliich  becomes  blue  again  by  atmospheric  oxidation. 
All  these  and  other  renclions  prove  the  identity  of  the 
blue  pigment  obtained  from  urine  with  that  obtained 
from  plants.  Indigo  blue  fuses  at  288'' C,  and  furnishes^ 
pur|>ie  \-apour3.  By  destructive  distillaiion  it  yields  cya- 
nide and  carbonate  of  ammonium,  aniline,  and  a  pecui 
liar  empyreumatic  oil. 

It  is  insoluble  in  water,  alcohol,  ether,  and  tlie  fixe 
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and  volatile  oils,  also  in  dilute  acids  and  alkalies.  By 
reduction,  indigo  blue  yields,  (is  already  stated,  white 
indigo,  or  indigogeu,  C,n,NO.  Tliua  a  mixture  of  fer- 
rous sulphate  and  alkali  efleota  this  reduction  ia  this 
way : — 

21Fl>O.H,0)  +  H,0  +  20,H,NO  =  Fe,0,^II,0  +  2C,H,N0. 

Chemical  Decompositions  and  Relations  of  Indigo 
blue. — By  oxitlalioii  with  a  dilute  solution  of  cliroraic 
acid,  indigo  blue  yields  isatin : — 

Fuming  nitric  acid  gives  indigolic  or  nitro-salicylic  acid 
(C^j(M"0,)0,),  and  by  a  more  prolouged  action  carba- 
zotic  acid  (picric  acstl)  (C(Ha(NO,)jO)  is  produced. 

There  are  other  interesting  decompositions  and  che- 
mical reljitionships  of  Indigo  blue,  to  study  which,  how- 
ever, would  lead  us  too  fur  nway  from  Lhu  ditw-t  object  of 
this  work. 

It  may  be  wortli  wliile  to  add,  tliiit  when  indigo 
blue  ia  reduced  with  tin  and  hydrochloric  acid,  it  gives 
a  yellomsh  brown  powder,  and  this  dLstilted  with  zinc 
dusl,  gives  a  thick  oil,  from  which  aniUne  may  be  re- 
moved, after  whicli,  by  diHtinutioa  witli  superheated 
steam,  crystals  of  indol,  C»UtN,  arc  obUiincd. 

Id  the  Chapter  ou  Albuminous  Compounds  it  will 
be  shown  how  Nencki  obtained  thia  same  body  from 
albumin,  and  In  this  way  some  sort  of  connection 
between  indigogcn  in  the  urine  and  the  dijiestion  of  albu- 
minous compounds  is  estabUshed. 

Quantity  of  Indigogen  excreted. — The  quantity  of 
iodigogen  excreted  in  health  is  not  easy  to  determine, 
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nor  haa  it  been  done  satisfactorily.  It  is  probably  small. 
Schunck  obluiuetl  from  tlie  urine  of  two  inilividuals,  over 
a  period  of  some  weeks,  only  one  grain  of  indigo  blue 

Jaifti  has  estimated  tlie  quantity  of  indigo  blue  ob- 
tained irom  twenty-four  houi-s'  human  urme  at  00045  f 
to  0'0195   gnn. ;    dog's   urine  gives   more,   and   a  yet 
greater  quantity  U  obtained  from   urine  of  cows,  while 
horses  give  apparently  twenty-five  times  as  much  as  man. 

Tliudichum  and  others  have  shown  that  in  the  early 
iirine  passed  by  patients  recovering  from  cholera  col- 
lapse, indigogen  is  jjresent  in  unusually  large  quantities. 

PtfTocatechiny  CsHgOj. 

This  siibstancc  whs  discovered  in  human  urine 
Midler  and  Ebstein.  Baumann^  has  since  shown  that 
while  it  is  a  trcquent  ingredient  of  himian  urine,  it  is 
probably  not  a  constant  one.  The  some  author  shows 
that  it  occurs  in  the  urine  of  horses,  partly  uncombincd, 
and  partly  as  a  sulpho-compound. 

It  is  obtained  from  iirine,  when  present,  by  acidifi- 
cation, evaporation,  and  extrnction  of  the  residue  wiih 
ether.  On  distillation  of  the  ether  a  residue  is  obtained 
which  gives  the  reactions  of  pyrocatechiu.  It  is  chiefly 
interesting  as  an  ingredient  of  urine  from  its  chemical 
relations  to  the  decomposition  products  of  indigo.  Lau- 
temann  obtained  it  artificially  by  decomposing  moniodo- 
salicylin  ot^id  with  an  alkah  ;  in  this  way  oxysalicylic 
acid  ia  first  proihiced,  and  this,  on  heating,  is  resolved 
into  pyrocatechin  and  carbonic  anhydride,  tlius  : — 
(1)  c,njio,+Kno-c,ii„o,+KL 

C3)  C,H,0,-C,H,0,-fCO,. 
>  Pfluger*fl-4roiir.  12  (1876)  03. 
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Pyrocatechin  may  be  ri'gardctl  as  benzene  iu  which 
two  hydrogens  are  substituted  by  two  hydroxy^.  It 
behaves  as  a  weak  acid,  and  crystallises  iu  white  shining 
laminffi,  melting  at  about  112°  C,  and  volatilisiug  above 
that  temperature. 

Wlien  present  in  urine  which  has  been  rendered 
alkaline,  oxygen  is  nI>8orbed  from  the  air,  and  the  luine 
darkeus  iu  colour. 

Phenol-Sulphuric  Acid,  C(H,SO„  and  Cresol-producing 

Suhstances. 

Although  pheuol  is  not  an  ingredient  of  human  nnne, 
as  such,  yet  Stadeler  extracted  it  from  human  urine,  as 
also  from  the  urine  of  the  horse  and  the  cow.  Quite 
recently  Bauraann'  lias  established  the  presence  of 
phenol-sulphuric  acid  in  horses'  urine,  and  he  found  the 
same  compound  iu  the  urine  of  persons  who  had  been 
treated  medicinally  with  phenol.  There  seems  also  to 
exist,  both  iu  blood  and  urine,  another  compound,  as  jet 
unisolated,  which  may  yield  phenol. 

Iu  the  same  manner  cresol,  CjHaO,  while  it  is  not  a 
normal  ingredient  of  human  urine,  may  be  obtained  as 
an  educt  therefrom  under  certain  circumstances. 

The  Colouring  Mailers  of  Urine. 

Under  the  name  of  urobilinc  JaiT^  has  described'^  a 
colouring  matter  which  he  firel  observed  in  the  urine  of 
fever   patients.      Although   afterwards  detected   in    all 

»  PaUgw's  ArMv.  13  (l«7e)  Sand  7. 
*  Art^  Fathiil.  Aiua.  47,  406. 
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specimens  of  uriae,  it  seems  to  be  produced  tberefronij 
only  by  standing,  and  not  as  an  original  constituent. 
has  never  been  isolated  nor  analysed,  but  merely 
diagnosed  Kfiectrosoopically,  and  named  under  the  as- 
sumption of  some  connection  possessed  by  it  with  a 
biliaiy  colouring  principle.  The  subject  has  attracted 
other  workers,  but  the  results  obtained  have  only  been 
productive  of  new  incongruous  names  and  considerable 
dissension.  Il  will  therefore  be  passed  over  without 
further  comment. 

Omichyl-oxlde  was  tlie  name  given  by  ScharUng '  to 
a.  principle  wlilch  he  extracted  frtim  urint'  as  fullows  : — 
The  urine  was  concentrated  by  freezing  and  removal  of 
the  ice,  and  extraction  of  the  concentrated  solution 
with  ether.  By  distillation  of  the  ether  extract^  and 
washing  of  the  residue  with  water,  urea  was  removed, 
and  the  colouring  matter  remained  behind.  Scharling 
furtiier  purified  it  by  boiling  vnih  solution  of  potash,  tt 
decompose  ammoniacul  .salts,  and  precipitation  of  lh«1 
solution  thus  obtained  with  sulphiuic  acid.  Omichyl- 
oside  was  deposited  in  brown  flocks. 

Omichyl-oxide  fuses  in  hot  water  to  an  oily  bodyJ 
which  resinifies  on  cooling.  It  is  soluble  in  ether,! 
alcohol,  and  dilute  alkaUes. 

Thiidiolmni  rliunis  to  have  shown  that  the  substance] 
is  not  contained  in  the  urine  as  such,  hut  is  a  secondary: 
product  of  the  action  of  heat  and  hippuric  add  upoitl 
the  matter  extracted  by  ether. 

Crerytfirine  is  a  substance  first  described  by  Proustl 
under  the  name  of  rosacic  acid,  and  obtained  from  the' 
luteritious  deposits  from  urine.  A  number  of  chemists,  and,  I 

1  Ann.  Oian.  vol.  xUL  p.  205. 
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lin  particular,  Heller,  have  studied  this  substance ;  but  while 
fit  has  thus  gained  iu  synonyms,  it  r^maliu  an  uuaualysed 

substance.  It  is  that  liudy  which  is  supposed  to  give  to 
Korine  its  fiery  red  colour,  and  which  adheres  to  the 

deposits  of  urates  when  they  occiu*.     It  is  best  obtained 

■  from  these  deposits  by  fi]-st  dissolving  out  what  is  soluble 
in  water,  and  finally  extracting  the  urorytlirinc  by  warm 
absolute  olcobol.     It  is  re-obtained  from  the  alcohol  by 

P  evaporation  at  a  temperature  not  exceeding  50'  C.  It 
possesses  a  characteristic  spectrum,  and  does  not  often 
occur  in  healthy  urine,  but  is  a  frequent  abnoimal  con- 
Mlituent.  Tlius  it  commonly  occurs  in  cases  of  acute 
rheumatism,  pericarditis,  pneumonia,  liver  diseases,  lead 
poisoning.  Intermittent  fever,  typhus,  and  certain  bralu 

H  diseases. 

H  Under  the  name  of  Urokccmadne^  and  many  other 
names  ('  only  to  be  said  on  liolidays  ' '),  Proust,  Scherer, 
Hariey,  Heller,  Marcot,  and  many  others  have  described 
matters  identical,  allieJ,  or  totally  different,  whi<:h,  in 
their  opinion,  constituted  the  true  colouring  principles 
of  urine.      Thudichum  has  given  an  account  of  many 

I  of  these  researches,  both  in  his  Ilastings  Prize  Essay  of 
1864,  imd  more  ret«;nt]y  in  his  book  on  the  urine  which 
has  been  so  often  referred  to.  While  recognising  the  merit 
of  each  labourer's  results,  he  has  for  the  most  part  explained 
these  away  or  identified  their  products  with  purer  and 

I  more  distinct  principles  obtained  by  himself  from  urine. 
It  is  therefore  proposed  to  give  a  brief  summary  of  Thudi- 
cfaum's  laborious  researches,  in  full  satisfaction  of  all 
knowledge  relative  to  the  colouring  matters  of  urine. 
Before  doing  so,  however,  it  may  be  well  to  explain 

'  Once  poutadlj  ohatu-Tud  lij  the  LaneeU 
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tkgt  Uarley  gave  the  name  of  urohoamatine  to  a  red 
c«}Jouhug  matter  wliich  he  obtained  from,  urine,  in  token 
of  its  suppo^ieil  derivatioa  from  the  colouring  matter  of 
ihc  bli.Hxl,  a  supjKiedlion  based  upon  tlie  fact  that,  w 
Iguited,  this  substance  left  an  ash  of  ferric  oxide. 

VtK  mailer  which  Thudichum  regards  as  the  chief 
ur  exclusive  vxilouring  matter  of  urine,  he  terms  uro- 
ohlKNno,  and  refcreaccs   have   been   already   mode 
gHixUu^  it,  particularly  in  the  section  on  *Bedu 
*fhu\hchum  pays  special  credit  to  Proust,  who,  so  1 
•00  «s  18U0,  tMM'nis  to  have  got  neitrer  the  truth  a 
VUCiAarr  colouring  matter  than  aJiy  other  worker  befoi 
^uUiohum,  who  was  able  to  idcntily  and  explaiu  ni 
v4'  lV.Hi!ti'ii  prixlucts. 

Mtll^Oih    of    I^^aration   of    Urochrome. — (1)   0 
M«<th<xl  has  been  already  described  while  treating 
I.  '       u- — vli.,  precipitation  by  a  nitric  acid  solution 
^^..^^.,■.^.'U^olylKlic   arid.      This  fact  appears  to  indica 
tlt«(  wwhriuno  has  an  nlkaloidal  coustitution. 

(II)  K^  the  urochrome  may  be  obtained  by  preci 
^$litm  urine  with  ncutml  and  basic  lead  acetates,  d 
i\v»t  of  l)ie  precipitates  with  sulphuric  acid,  a 
.  ^..^xiv,4Uv«»i  1^  the  filtrates  with  phosphomolybdic  acid,] 
v;j^)  iVu^^hiT  uicUiod  cousists  in  saturating  urine  i 
^  ijijikiA  vUh  bar^'ta   hydrate  crystals,   filtration, 
^fe^i^^k^Hou  vJf  iho  filtrates  with  lead  acetate  and  ai 
^  ^>«(l'Ction.     The  washed  precipitate  is  dcco 
.■xh  yAl|>huric  acid,  and  the  Eiltrate  again  treated 
\T,  Uie  excess  of  which  has  then  to  be 
I'",  of  carbonic  anhydride.     The  con- 
then  treated  with  strong  alcohol, 
.       uijiliunnlc  of  barium  and  other 
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latterSf  after  separation  from  whicli,  urochromi;  is  ob- 
[tained  by  evaporation  in  a  current  of  air. 

To  purify  the  urochromc  obtained  by  any  process, 

its  aqueous  solution  slioiild  be  shaken  with  fre'ihly  pre- 

cipitiitetl    oxide  i)f   silver,   which   removet  both   hydro- 

loric  acid  and  traces  of  a   santhine-Iike  botly.     The 

^ver  whicli  thus  eaters  into  solution  with  the  urochrome 

removed  by  sulphuretted  hydrogen,  and  on  eva[Kira- 

of   the  ultimate  soluliou  urochrome  is  obtained  in 

ihit  form  of  an  amorphoa-*,  yellow-coloured  substance. 

the  aliove-described   ti-^atraent  with  argentic  oxide, 

re  has  to  be  taken  not  to  use  an  excess,  or  otherwise 

[it  precipitates  the  urochrome  also. 

Properties  of  Urochrome. -^Thixdioimm  has  not  ana- 
lysed the  urochrome  itself^  but  he  has  determined  the 
following  cliaraeters  : — It  is  not  oidy  soluble  in  water, 
but  also  less  sohible  in  alcohol  and  in  ether,  very  dilute 
,  acids,  and  alkalies.  The  aqueous  solutions  decompose 
slowly  when  kept,  with  increase  of  colour  to  red,  and 
deposition  of  flakes  of  a  resinous  character.  This  de- 
compOBitiou  occurs  lo  a  greater  extent  duri[ig  operations 
which  employ  heat.  Acids,  when  boiled  with  urochrome, 
decompose  it,  giving  rise  to  products  to  be  hereafter 
described.  With  a  watery  solution  of  urochrome,  oitmte 
of  silver  gives  a  gehitvuous  precipitate  soluble  in  nitric 
acid  ;  it  is  also  precipitated  by  ucetutc  and  basic  acetate 
of  lead,  acetate  of  mercury,  and  nitrate  of  mercury. 

JJecompuintion  of  Urochrome. — When  boiled  with 
dilute  mineral  acids  for  a  length  of  time,  urociirome 
decomposi?s,  and  develoi)e3  an  intense  odour.  The  resin 
which  separates,  and  more  particularly  on  addition  of 
a  further  quantity  of  water,  consists  of  a  mixture  of 
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three  substances,  uromelanine,  uropittine,  and  omicholine 
(mixed  with  omicholic  acid).  From  the  isolated  resinous 
matter  uromelanine  may  be  obtained  by  stirring  it  with 
cold  water,  when  it  separates  from  the  admixture  as  a 
brown  powder.  Or  it  may  be  obtained  by  extracting 
the  mixture  with  alcohol,  which  leaves  uromelanine  un- 
dissolved. The  red  alcoholic  solution  is  precipitated  by 
water,  and  from  the  precipitate  so  obtained  ether  extracts 
omicholine  and  its  accompanying  omicholic  acid,  while 
it  leaves  more  or  less  powdery  uropittine  undissolved. 
These  primary  decomposition  products  are  liable  to  be 
accompanied  by  smaller  quantities  of  secondary  products. 

Characters  of  Uromelanine. — It  is  insoluble  in  water, 
and  but  slightly  soluble  in  alcohol ;  hot  alcohol  re- 
deposits  most  of  what  it  dissolves,  on  cooling.  It  is 
easily  soluble  in  dilute  alkalies,  and  re-predpitated  there- 
from by  acids. 

Thudichum  gives  to  uromelanine  the  formula, 
Ca6H4BN'70io,  based  upon  the  analyses  of  a  large  num- 
ber of  preparations.  He  also  describes  three  silver 
compounds  in  which  the  silver  stands  to  the  mole- 
cule of  uromelanine  in  the  respective  proportions 
1 : 1,  3  :  2,  and  5  :  3.  There  is  also  a  barium  salt,  three 
calcium  salts,  three  zinc  salts,  and  a  lead  salt,  the 
analyses  of  which  Thudichum  also  gives  in  detail. 

Incidentally  he  shows  that  uromelanine  presents  a 
remarkable  similarity  in  composition,  to  the  pigment  of 
the  choroidea,  as  is  seen  in  the  following  comparisons  : — 


SCHEBES. 

TiLUiJicHTir. 

Md&DlDe  ol  the  tja. 

UromelftulQC. 

TbeoiT  ot  UnundHiiiie. 

c.     . 

.       58-28       . 

.      67-21      . 

.       58-e3 

II.    . 

e-72     . 

6-74       . 

5-86 

N.    . 

,       1377 

.       13-88       . 

13-36 

0.      . 

.      23-03      . 

.      23-17      . 

.      21-86 
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Characters   of   Omichoiine  and   Omicholic  Acid. — 

separate  these,  the  mixture   is   treatefl  with   strong 

lonia,   and  warmed,  and  the   extract  so   obtained 

llowed  to  stand,  and  finally  filtered  from  the  resinous 

ixture  of  the  two  substiiuces  which  is  deposited.     The 

ammouiacal  i^ohitioa  contains  only  omicholic  acid» 

rhile   the  more   insoluble  oily  and    resinous  substance 

omichoiine.     Tlie  formula  of  omicholic  acid  is  not  yet 

lecided ;  it  is  near  Cialla^O^,  or  C,«n„N04.    The  for- 

lula  of  omichoiine  is  somewhere  about  CgjHjgNOj,  or 

}|4H„N"0«.     Neither  substance  has  been  yet  obtjiined  in 

finoUy  pure  condition. 

Characters  of  Umpittine. — The  final  purity  of  this 

iy  also  has  not  yet  been  ascertained,  but  the  following 

ialy»c9  may  be  quoted  as  roughly  indicating  its  compo- 

ion: — 


n. 

N. 
O. 


eo-30 
o-ae 


WW 
7-W 


—     .     10-44 


IO-60 


Thudichum  has  also  made  aud  analysed  a  silver  com- 
[lound  of  this  body. 

For  further  details  about  these  various  principles  I 
must  refer  the  reader  to  Thudichum's  own  work  on  the 
urine.  Uc  there  gives  full  imrliculars  and  treats  of  their 
direct  production  by  the  dcconij»oaitiou  of  urine,  and 
enters  into  considerations  of  their  physiological  and 
pathological  bearings,  besides  describing  the  chai'acter- 
istic  spectrum  presented  by  tbe  solutions  of  each  body. 

One  of  Thudichum's  considerations  must,  howtver, 
be  recorded  here.  He  takes  uromelanine  with  an  atomic 
weight  of  733,  and  points  out  that  inasmuch  us  it  is  a 
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cleavage  product  of  urochrome  and  one  attended  by 
least  two  others,  ihe  constitution  of  urochrome  must  be 
very  complicated ;  so  complicated,  indeed,  that  in  view 
of  iiric  acid,  urea,  and  other  substances  known  to  be 
■waste  products  derived  from  albumiu,  it  is  impossible  to 
regard  urorlimme  as  also  a  derivative  of  that  substance. 
Il  hence  arises  that  urochrome  must  be  regarded  as  a 
product  from  the  breaking  uj)  of  hfcmatontrystalUne  (the 
colouring  matter  of  the  blood ;  see  Chapter  on  Blood), 
which  hjis  a  coustilutiou  far  more  complex  thau  that  (rf 
albiuiiiu  and  presents  an  atomic  weight  above  13,000. 

This  line  of  thought,  backed  up  by  ftirther  invest! 
lions  yet  to  be  made,  may  ultimately  lead  to  *a  n 
means  of  estimating   the  eflecta  of  the   f(;brile   p: 
upon   the  organ  of  oxygenation,  the   blood-disc,  or 
ally  the   myochrome  or  red  coloiuing  matter  of  the 
muscles.'  ^H 

FuTiher  Remarks  on  the  Dftcompomtion  of  Urine.-^^ 
Thudichura  gives  the  following  syuopsb  showing  the  pro- 
ducts obtained   when  mine  is  distilled   with   Kulpliurj 
a(»d: — 


*  A.  Fixed  coloured  products  : — 

TTromelftnine 


Iiuolublo  in  ether ;  all 
•oloUa  in  itnunoiuB. 

Solubla  iu  olliijr  and 
olooboL 


Uropittina  . 
Urorubioe  . 
MetaiLrupittine 

Ouiiriioliue  . 
Omicholic  odd 


Inaoliilile  in  alcoholi 

Soluble,  apuinfflT,  iu  nJioolioL 

i^olubU  e&^lv,  in  alooliol. 

.  8uliibk<  in  alcoboL 

.    Inaoluhle  in  ftmmoiiia. 

Soluble  in  unmoniA. 


B.  Volatile  products  : — 

Soluble  in  ether        .         ,    l-^weDtiol  oil. 
At  Bodiuiu  Bulu  iiieoluble 
In  etber        4        >        .    Acetic  lud  formio  icldii. 

This  synopsis  will  illustrate  and  serve  as  a  rA«n» 
wliut  hiis  gone  befoie,  while  it  leads  naturally  to  a  few 
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jraarks  about  the  volatile  oil  obtained  in  this  wny  from 
(tihiie. 

Volatik  Oil  fnrni  Urine. — This  is  soluble  ia  ether, 

id  is  extracted  from  the  distillate  by  this  solvent.     It 

a  powerful  uriuous  udour,  a  yellowish  colour,  and 

?hen  heated  with  nitrate  of  mercury  it  gives  a  purple 

reaction.     It  does  nor  change  a  solution  of  silver  even 

on  boiling,  and  is  free  from  plienol  and  cresol. 


Acetic  and  Formic  Acids. 

We  have  already  had  occasion  to  write  of  the  pro- 
duction of  acetic  and  formic  acids  during  the  decom- 
poadoD  of  urine.  Wlien  distilled  from  putrid  urine  they 
are  accompanied  by  benzoic  acid,  and  may  be  readily 
obtained  on  the  application  of  ordinary  processes.  Thu- 
dichum  biis  shown  that  there  is  a  difficulty  in  effecting 
the  separation  of  acetate  aud  formiate  of  barium  on 
account  of  the  isomorphous  crystalUue  state  of  these  sub- 
sUiDces.  He  however  estimutud,  from  some  detennina- 
tions  made  with  the  distillates  of  mine  aeididcd  with 
sulphuric  acids,  that  the  daily  excretion  of  acetic  acid 
amounts  to  0-288  gim.  per  day,  and  that  this  is  accom- 
panied by  about  005  gnn.  formic  acid.  From  these 
jjroceedings  it  is  difficult  to  say  whether  these  acids  are 
exclusively  obtwued  by  decomposition  of  more  com|>li- 
caied  substances,  or  whether  they  ever  occur  in  the  form 
of  salts  in  the  urine. 

According  to  Meissner,  succinic  acid  is  also  a  reguhir 
igrcdient  of  urine. 
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Kryptopkanic  Acid^  CiII,NO,. 

Kryptophanic  acid,  which  was  discovered  by  Thudi- 
chum*  in  1869,  is  consiJered  by  him  to  be  the  uorinal 
free  acid  of  human  urine,  and  may  be  isolated  therefrom 
by  various  means. 

Met/wds  of  Prejtayation.' — Urine  is  treated  with  ex- 
cess «f  lime  milk,  filtered,  and  eva[K)raled ;  the  sulphate 
of  calcium  whicli  it  aftcrwanU  deposits  is  subsequently 
removed  by  fiUiatiou  aud  the  filtrate  acidified  with  acetic 
arad,  after  which  it  is  concentrated  and  allowed  to 
ciystuUise.  The  mother  liquor,  when  treated  with  four 
«r  five  volumes  of  stroug  alcohol,  throws  down  a  bulky 
adhesive  precipitate  CAHisisting  of  krj^itophauate  of  c:il- 
cium,  which  may  be  purified  by  re-dissolving  in  water 
and  re-precipitation  with  alcohol.  To  complete  the 
purification  the  aqueous  solution  of  calcium  salt  is  pre- 
cipitated by  a  stroug  solution  of  lead  acetate,  and  the 
precipitate,  which  is  soluble  in  a  great  excess  of  the  re- 
agent, is  dissolved  by  this  means  and  the  solution  so 
obtaiued  precipiUited  by  alcuhol.  From  the  white  leail 
salla  thus  produced,  free  kryptophanic  acid  may  be 
obtaiued  by  decomposition  with  sulphuric  acid,  and  may 
be  then  transformed  into  other  salts  as  required.  ^ 

Or  the  crude  kryptophanatefl  may  be  treated  with  ho 
excess  of  copper  acetate.  This  solution  throws  down  ft 
dirty  green  precipitate  of  the  copper  salt,  and  a  further 
quantity  may  be  obtained  from  the  mother  liquor  by 
addition  of  alcohol.     When   the  copper  salt  ia  dcoom- 
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in  the  presence  of  water  with  sulphuretted  bydro- 
,  free  kryptophanic  ackl  passes  into  solution. 
TbuJichum  shows  that  kiyptophnnlc  acid  is  not  de- 
Biposed  when  urine  is  boiled  with  dilute!  sulphuric  acid. 
Chemicnl  Properties. — Kryptophanic  acid  is  a  trans- 
ient, gummy,  solid  body,  soluble  in  water  in  all  pro- 
>rtion8,  but  less  .soluble  in  alcohol  and  even  more  in- 
uble  in  ether.     It.  decomposes  the  alkaline  and  earthy 
bonates,  forming  corresponding  salts. 
An   wjueous  solution   is   precipitnted   by  acetate  of 
rcury  and  nitrate  of  silver,   while   solutions  of  tlie 
inc  and  earihy  kryptophanates  are  precipitated  by 
ke  acetates  of  lead,  copper,  and  mercury,  and  by  the 
trates  of  mercury  and  silver. 
Thudichum  hiis  shown  that  the  determination  of  urea 
urine  by  Liebig's  method  is  iuterfereti  with  to  the 
lent  of  5  or  10  per  cent,   by  the  circumstance  that 
ry{)tophauic  acid  is  precipitated  by  nitrate  of  racrcurj*. 
If  kryjjtophanic  acid  be  considered  as  tetrabasic,  then 
siilLs  analysed  by  Tlmdichum  have,  according  to  him, 
e  general  formula  C,J[nM',N,0,(,. 
The  salt.'*  are  as  follows : — 

Lead  Ball C,^n„PT),N,0,, 

hydraled      .        .        .  r,^H,.Pb,X,0.„*  2Aq 
b«ic     .        .        .        2(.C,^,.l'VN,,U„)I'bO 

Copper  «lt C,,U„CvN'A, 

„  witli«lcohoI      .      C»H„Cii^',0,j  +  C,H,0 

MafniMiooi  nil     ....    (^ioH,^M^,N%0,,-f  Aq 

diijdmted    .         C,rtir,.M*f,N,0,„  +  2Aq 

BftHomMlt  ....    Cj„iI„UvVl,„  +  A<i 

trib«ic      ....    U,oII,>'.N,0,. 

•Mil C,^„UaN.O, 

Calcium  esiL Ci^I„Ca',K,0, 

„  acid CuXf|*CaN,0; 

Cobalt  MUtacid C,on,,CoX,0, 

ba«e      .        .        .        .     C„H„Co,N,0, 
3UT«T*alt C^„Ag,N,OL 
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Carbonic  Acid. 
This  siibstnncc  is  contained  in  uriae  to  some  slight- 
extent,   and  according   to  Planer  tiic  amount  incrensee 
under  llie  iulluence  of  febrile  processes.     Other  obser- 
vations seem  to  show   that  the  amount  rises  and  falls 
with    uren,   and    considering   what   we   know     of 
cliemiciil  changes  occurring  in  the  blood,  tliere  is  littk 
dilTiculty  in  comprehending  this  to  be  true. 

The  Inorganic  Comtltuents  of  Urim. 

Chlorine  and  the  Chlorides. — Principal  among  the  in- 
organic constituents  of  urine  arc  the  chlorides  of  potaa- 
einm  and  sodium,  these  substances,  like  many  others, 
being  consUmt  ingredients  of  foods. 

The  crystals,  which  are  deposited  from  a  concentrated 
solution  of  urine,  consist  of  common  salt  sometimes 
mixed  with  uren  ;  but  from  slill  more  concenlnitcd  solu- 
tions the  phosphates  of  sodium  and  ammonium  are 
thrown  down.  The  potassium  salts,  from  their  great 
solubility,  are  foviiid  in  the  mother  liquors,  and  may  b^ 
precipitated  in  the  ordinary  way  by  means  of  platinic 
chloride. 

Bischoir  made  a  number  of  determinations  of  the 
daily  amount  of  chlorine  passed  in  the  urine,  and  the 
following  table,  which  is  taken  from  Thudichum'a  book, 
exhibits  his  results  : — 

Adult  man,  lirinft  wfrll,  ^rWned        ,  8*7  giuu 

Wumui,  forty-ibrw  yvan  of  0^13,  iiiBcba*(r«l  B'5     „ 

Girl,  ci?bteeD  „  „  „  4*6     „ 

Boy,  rixteen  „  „  „  6'3     „ 

»     Vine  „  „  f,  0'8     „ 

Of  course  the  amoimt  of  chlorine  must  vary  with  end 
individual  according  to  a  number  of  circumstances,  su^ 
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as  the  amount  of  food  taken,  the  amount  of  chloridoH 
contained  therein,  and  so  on.  From  some  experiments 
made  by  Hcgar  it  would  appear  that  less  chlorine  is 
secreted  during  rest  and  sleep  than  under  conditions  of 
mental  and  bodily  activity. 

Itarral  seems  also  to  have  shown  that  chloride  of 
sodium  increases  the  elimination  of  the  uitrotjonous  con- 
^tuents  of  the  urine.  It  further  appears  tluil  in  acute 
febrile  diseases  less  chlorides  are  excreted  than  is  usual, 
but  it  is  curious  to  note  that  in  diabetes  the  quantity 
ap|icars  to  be  increased.  Indeed,  Thudichum  considers 
that  the  amount  of  chlorine  in  chronic  cases  of  ili.sease 
serves  as  a  measure  of  the  digestive  powers  of  the 
patient ;  thus  a  daily  quantity  of  G  to  10  grms.  indicates 
a  good  digestion,  while  less  than  5  grms.  shows  an  im- 
paired nutrition. 

Dr.  Zuelzer  has  shown  that  under  conditions  of  ex- 
citement of  tlie  system,  the  quantity  of  sitdiuni  chloride 
passed  in  the  urine  is  diminished,  while  that  of  the  potas- 
sium s;ilt  is  increased ;  under  conditions  of  depression 
the  reverse  obtains. 

Sfttljikuric  Acid,  Sulphates,  and  other  Sulphur  Com- 
poundsf. — Sulphuric  acid  is  found  in  the  urme  as  sulphates 
of  potassium,  sodium,  and  calcium,  oiid  these  are  obtaiuetl 
by  concentration  of  the  urine  and  crystallisation.  The 
average  amount  of  sulphuric  acid  discliarged  during  the 
twenty-four  hours  amounts  from  1*5  to  2'5  grms,,  the 
greater  part  o(«:urring  in  the  urine  shortly  after  meals. 
Of  course  much  of  this  sulphuric  acid  comes  from  the 
food,  but  another  part  is  undoubtedly  due  to  the  oxida- 
tion within  the  system  of  the  sulphur  amtaiued  in  some 
albuminous  substances.  That  this  is  so,  derives  cousid^'ralije 
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Wi|i(Mrt  from  the  Ssct  tbat  there  is  also  present  in  oiioe  a 
mnikil  quMUity  of  sulphur  exisling  in  sach  a  funn  as  to 
«M*Hfw  |wvi*ipitatioa  with  salts  of  barium.  It  is  ool  tm* 
tiMy  that  this  so-called  unoxiclisetl  sulphur  is  directly 
ibvh>n\l  frvmi  laurocholic  acid  or  taurine.  A  great  num- 
ber i»f  \»lwn-alions  have  been  made  regarding  the  quau- 
U^'  \>t  »ul|Uiuric  ncid  and  sulphates  found  iu  the  urine 
umlor  \*«inou5  conditions  of  health  and  disease,  but  for 
\\w  luvvl  jvirt  sucli  obsen-ations  are  of  little  value  for  the 
(WMttl  wvirk  and  hence  may  be  disregarded. 

U  would  abo  appoar  thai  hyitosulphurous  acid,  or 
«ul)^tmHt9  acid,  or  both,  are  sometimes  contained  in 
ui'iUiS  siuw  when  auch  ujiue  is  treated  with  zinc  and 
vtlphufio  acid  a  little  sulphuretted  hydrogen  is  set  tree. 
ThluUi^hum  \\a»  published  a  great  number  of  determina- 
UiUu  of  thu  quantity  of  sulphur  present  iu  the  urine  io 
Oiher  fexruu  than  that  of  sulphuric  acid,  but  it  is  ud- 
Ueccaoary  lo  do  more  tluin  notice  the  fiict. 

Sul|^uu'tio(l  hy^hx)geu  has  also  been  found  in  urine 
%l  variuUA  liiuos,  and  particularly  in  cases  of  disease  of 
iht-'  UWidu'.  Mtuxx>vt'r,  nnotlier  observer  has  also  dis- 
.d  what  bv  buliovcd  to  be  hydrosutphocyanlc 
^UV  ,\ii}  ill  x\\v  uriuts  but  no  absolute  proof  of  this  statc- 
mciti  v>t  (.tbohi^idUut  has  been  forthcoming,  and  quite 
rtriiitU  'I'ltuiUciium  Kum  given  denial  to  it. 

A*f*ii  w*J  I'hiisphtiUs. — Considering  how 

U  Mv  K*£  tfttlciuni  enters  into  the  constitution 

V>i  U/iuiug  iu  mind  that  lai^e  qimntities  of 

-a  rtxmr  ill  brain  and  nerve  matter, 

li^;  (Kat  I  he  amount  of  phosphoric 

.    .,^„  _  -1^  oiUAW  idiould  not  merely  be  coo- 
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siderable,  but  that  its  determiDation  often  serves  as  a 
valuable  guide  in  processes  of  disease. 

riiOTphoric  ncid  exista  in  the  botly  also  in  cocabiDa- 
tiou  with  various  bases  as  ortliophosphates. 

It  would  appeitr  from  numeroiLS  researches  that  the 
average  quantity  of  phosphoric  acid  discharged  in  the 
urine  in  twenty-four  hours  amounts  from  12  to  nearly 
5  grma.,  but  there  is  no  doubl  ihat  the  amount  varies 
largely  according  to  the  nature  of  the  food  and  other 
conditions.  It  should  be  remarked  that  this  phosphoric 
acid  occurs  in  the  urine  in  combination  with  calcium, 
magDcsium,  potassium,  and  sodium. 

Bases  present  in  Urine. — Considerable  information 
regarding  the  bases  present  in  urine  has  been  given 
under  oilier  headings,  and  a  stiitemc^nt  of  the  quantities 
so  far  as  they  have  been  determined  is  given  in  the  table 
quotetl  from  Thudiehum's  work  in  a  previous  section. 

Other  Matters  occurring  in  Urine. 

Trimctliyl amine  b  stated  to  be  a  constant  ingredient  of 
human  urine,  although  it  is  present  in  mere  traces.  It 
lias  also  been  shown  in  other  chnpters  that  when  sugar 
and  alcohol  are  taken  iu  large  quantities  traces  of  these 
BUbeiances  occur  in  the  urine.  Among  pathological  iugre^ 
dieuta  are  blood,  albumin,  fibrin,  fatty  acids  and  fats,  sugar 
(as  in  diiibetes),  leucine,  tyrosine,  unil  certain  colouring 
toattcrs  (as  iu  cholera),  and  oxalic  acid  and  oxalate  of 
lime  (as  in  certain  diseases  terminating  in  calculi). 

Dainalic  and  damaliuic  acids  are  of  a  volatile  naturct 
and  were  discovered  by  StiUleler '  in  the  urine  of  a  cow. 
It  is  doubtful  whether  they  ever  occur  in  human  urine. 

<  ..iRJi.  CAem.  77  (1361)  IT. 
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Urinary  Sedimaits  and  Calculi, 

Under  the  general  descriptions  of  urine,  nnd  uric  add 
aa  a  constituent  of  urine,  mention  has  been  made  to  some 
extent  of  urinary  sediments  and  cidculi ;  and  it  will  be 
sufficient  here  to  supplement  these  observations  by  v 
few  others. 

Under  healthy  conditions  the  urme  usually  remains 
clear  iind    trnnsparcnt   iiftcr  niiclurition,  but  not   infre- 
quently it  throws  down  certain  deposits  which  may  o: 
may  not  indicate  some  sort  of  disturbance  of  tlie  law; 
upon  which  health  ilepcnds. 

Sediments. — Thesedunents  alluded  to,  are  in  some  m 
stances  more  or  less  tiocculent,  while  at  other  times  they 
are  crystalline   and   generally   coloured  with    principles 
about  whose  true  nature  we  have  but  little  information. 
Amorphous  deposits  occurring  in  acid  uriue  generally  con-  ^ 
sist  of  urates,  souietimes  associated  with  calcium  phosphate  ■ 
and  not  rarely  with  fat  globules;  while  when  crystalline 
the  deposits  made  from  unno  of  an  acid  reaction  consist  of 
calcium  oxalate,  free   uric  acid,  cystine,  calcium   phos- 
phate, tjTosiue,  or  liijjpuric  ncld,  or  a  mixture  of  these 
bodies  or  some  of  them.     At  other  times  these  deposits 
contain  organised  particles  consisting  of  mucus,  mucus 
and   blood  corpuscles,  pus,  casts  of  tubules,  epithelial 
casts,  granular  renal  casts,  s^iermatozoa,  or  sarcina  ven 
Iriculi,  &c.,  or  a  mixture  of  a  number  of  such  Iwdics. 

Again,  when  the  urine  is  alkaUne  and  the  deposit 
crystidline,  the  latter  may  I'outain  am monio- magnesium 
phosphate,  or  urat^  of  ammonium,  or  both ;  and  when 
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the  sediment  ia  Hmorphous,  phosphate  of  calcium  and 
organised  jjarticles. 

Uric  acid  deposits  do  not  dissolve  wheu  the  urine  is 
heated,  and  may  be  readily  identified  by  the  murexide 
and  other  reactions.  The  urates,  however,  dissolve  oa 
heating,  and  are  insoluble  in  acetic  acid  but  ilissolvc  in 
nlknline  solutions.  These  urates  cora]>rise  the  ealta  of 
sodium  and  ammonium,  and  more  rarely  urate  of 
calcium. 

The  phosphates  do  not  dissolve  in  alkaline  solutions 
or  when  the  urine  is  heated,  but  are  readily  soluble  in 
acetic  acid. 

Calcic  oxalate  is  not  so  commotily  found  in  the  sedi- 
ments, but  wheu  present  may  be  easily  detected  by  its 
crystalline  character  and  its  chemical  reactions. 

Cystine  (C,H,NSO,)  deposits  in  six-sided  tables  which 
dissolve  in  hydrochloric  acid  and  ammonia,  and  may  be 
recognised  by  the  protluction  of  sulphide  of  lead  when 
the  acetate  of  that  metal  is  added  to  a  previously  boiled 
alkaline  sohttion  of  the  deposit.  Cystine  is  insoluble  in 
water,  alcohol,  and  ether,  but  is  soluble  in  the  stronger 
acids  and  in  alkalies.  Tt  would  appear  to  represent  in 
aome  way  the  sulphurised  nucleus  of  fibrin.  &c. 

Blood  corpuscles  are  easily  recognised  under  the 
microscope,  while  the  spectroscope .  is  a  sure  agent  to 
employ  in  their  detection. 

Pus  sediments  are  of  a  pale  greenish  colour,  and  in 
such  case  the  urine  generally  contains  albumiu  coagu- 
lable  by  heat  and  nitric  acid. 

Mucus  (when  present)  is  generally  diffused  through  the 
urine  as  transparent  llocouH. 

Calculi. — The  chief  varieties  of  xirinary  calculi  are  as^ 
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foHovs.  Those  containing  or  consisting  of  uric  add, 
ammonium  and  other  urates,  oxalate  of  calcium,  phosphate 
of  calcium,  phosphate  of  ammonium  and  magnesium,  xan- 
thine,  and  cystine,  all  of  which  are  generally  construeled 
round  a  nucleus  of  some  foreign  substance  such  as  blood 
corpuscles,  &c.  \\'hen  the  phosphate  of  calcium  and  the 
double  salt  of  ammonium  and  magnesium  occur  together 
in  calculi,  these  latter  are  known  as  *iiisible.'  Important 
as  a  proper  knowletlgc  of  calculi,  and  the  conditions 
under  which  they  appear,  is  to  phyacians,  it  would 
serve  no  useful  purpose  to  enter  into  more  minute  con- 
siderations u[)ou  the  subject  in  this  place.  Moreover, 
the  nature  and  properties  of  urinary  calcidi  huve  olten 
been  treated '  in  a  complete  way  by  able  observers. 


I 
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Other  Morbid  Conditions  of  the  Urme. 

In  another  chapter  special  consideration  has 
devoted  to  that  disease — diabetes — in  which  the  uiiue  is 
charged  with  grape  sugar.  Under  other  conditions  of 
disease  (sucli  as  in  albuminuria,  Bright's  disease,  &c.) 
the  urine  is  found  to  contaiu  albumin  in  a  state  of  solu- 
tion. In  such  cases  it  is  supposed  that  the  scat  of  the  M 
evil  is  situated  in  the  kidneys,  their  power  of  filtration 
and  secretion  being  profoundly  iutlutneed.  In  cruen- 
luresis,  or  intermittent  hematuria,  the  urine  contains  or 
may  contain  hiemato-crystalline,  calcium  osalate,  hema- 
tine,  &c.,  &c. 

Again,  in  certain  hepatic  and  other  diseases,  biliary 

'  See  QoldiD^  Bird's  trentiNe  On  Urinary  Depmtt ;  BealeV  tnsatiae  On 
Urint,  Urinary  DrjuaHa,  and  Cafculi ;  Siuoo'H  C^nittiy ;  Tliodicknin'* 
PalMoffjf  of  t/u  EWiu,  &c,  itr. 
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pigmenU  and  fatty  acids  occur  in  the  urine  and  may  be 
detected  by  the  ordinary  tests. 

Unfortunately  the  exact  steps  by  which  these  ab- 
normal constituents  of  the  urine  are  derived  &om  the 
corresponding  principles  in  the  system,  are  almost 
entirely  unknown. 

Chylous  urine  is  not  often  met  with  in  Europe,  and 
is  peculiar  through  the  circimistance  that  it  contains  cer- 
tain constituents  of  the  blood,  or  lymph,  or  chyle  :  notable 
among  these  is  fibrin.  The  milky  appearance  presented 
by  such  urine  is  due  to  the  suspension  of  fats  and  fatty 
acids. 

Lactic  add  has  been  observed  in  the  urine  by  various 
chemists  in  cases  of  phosphorus  poisoning,  acute  ma- 
lignant jaundice,  trichiniasis,  and  osteomalacia. 

In  typhus  and  variola ;  leucine  and  tyrosine — toge- 
ther with  other  products  of  a  particular  decomposition  of 
albuminous  principles — occur  in  human  urine. 
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CHAPTER  XIV. 

SWEAT. 

As  is  well  known,  man  breathes,  so  to  speak*  not  onlv 
through  the  muuth  but  also  through  the  skin.  lu 
fact,  the  skin  ia  an  excretory  oi'gari,  sweat  being  the 
estreliou,  or  a  jiart  of  it.  The  process  is  carried  ou 
thruugh  the  agency  of  the  sudoriparous  glands  which 
exi*t  all  over  the  suriace  of  the  body,  and  the  walery 
fluid  which  is  excreted  [lasses  off  for  tlie  most  part  under 
oi-diuiury  couditions  in  the  state  of  vapour,  leaving,  how- 
ever, some  part  of  the  soluble  constituents  behiud  on  the 
iutegunient.  Under  these  circumstances  the  process  ia^ 
Ivrmed  lusen^ble  perspiration ;  but  tmdcr  the  influence 
iu;Uvc  exercise,  high  external  temjjemture,  mental  enw 
tioUt  or  diseased  conditions,  tlu:  hccretion  is  elaborate 
iu  givatcr  amount,  and  the  process  is  then  termed  sensibU 
fteikpiraiiuu,  inasmuch  as  the  sweat  is  deposited  iu 
Ufiui  ^^  dntpti  nu  the  surface  of  the  body. 

The  aiuvunt  of  sweat  in  health  varies  with  a  number 
A,  IU  t'lU'  inj»tance,  the  temperature  and  humidit 
u(  ^k0  )UUK>a^ere,  the   state  of  the  blood  and  uervoi 
^c*   ^V■      Various  attempts   have  been   raad( 
^-     (jmuitity,   Seguin's  obser^-ations    beinfT* 
-  ih;)tUle.     Ke  found  that  ou  tlie  average 
'  ,itd  were  discharged  by  the  skin 
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lungs  in  one  minute ;  of  this  quantity  the  bIud  exhaled 
(O'T  grm.  and  the  lungs   O'o  grm.     From  a  number  of 
ita  he  fiu'thcr  concluded  that  the  maximum  amount  of 
to  thr  bo<ly  (luring  24  hours  by  the  ageucy  of  the 
and  lungs  averages  about  5  lbs.,  and  the  minimum 
about  1  il).     Moat  of  this  loss  consists  of  water,  but 
lere  is  some  oarbouic  ariliydricTe,  perhai^  a  little  nitrogen, 
|aud   a  yet  smaller  quantity  of  oi^anic   matters,  to  be 
jnsidered  more  in  detail  liereafler. 
As  a  general  rule  it  la  now  considered  thai  the  (juau- 
^lity  of  wiitcr  exhaled  by  the  skin  in  a  given  time  is  about 
L  twice  the  amount  passing  off  by  the  lungs,  or  about  2  lbs. 
Ku  24  hours.     It  is  upon  this  evaporation  of  water  from 
Hthc  surface  of  the  body  that  tlie  regulation  of  body  tem- 
perature in  no  small  measure  depends.     In  the  Chapters 
oo  Blood,  Animal  Heat,  and  Vital  Force,  we  have  studied 
the  oxidation  proce.'ises  by  whicJi  the  blood  is  maintaiued 
at  a  high  temperature,  but  iLs  precision  is  chiclly  rcgu- 
i    lated  by  the  evaporation  wJiich  takes  place  from  the  skin. 
HIn  summer  this  evaporation  takes  place  much  more  freely 
than  in  winter,  for  its  extent  depends  not  mainly  upon 
the  heat  originating  williin  the   body,  but  rather  upon 
the  heat  acting  upon  the  body  from  without.     Again, 
there  is  a  nervous  power  which  helps  to  regulalti  these 
processes.     Cold  produces  an  irritation  of  the  walls  of  the 
blood-vessela,  and  causes  them  to  contract ;  the  first  con- 
ftsequence  is  u  reduced  supply  of  blood    to  the  surface, 
•^aud  as  a  further  consequence,  there  is  a  less  exudation 
from  these  vesst»Is,  for  sweat  is  nothing  more  or  less  than 
_  such  exuded  liquid. 

M       Thn  amount  of  carbonic  nnhydridu  excreted  by  the 
rftin  is  not  more  than  ^^  or  ^  of  that  paiisinc  o\it 
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by  the  lungs ;  but  that  it  is  rcgiihirly  excreted  may 
shown  by  enclosing  a  Hmb  of  the  bojy  in  a  vessel 
tainiug  air  of  known  composition,  and  it  will  be  fbuud 
that  in  process  of  time  the  amount  of  carbonic  anhydride 
increases  as  the  quantity  of  oxygen  decjeases.     Notwirh- 
fltaudiug  the  undoubted  change  iu  composition   of  the 
blood  elfected  by  these  processes  going  on  in  the  skin,  ^ 
is  not  converted  fi'om  an  arterial  to  n  venoiis  state.         ^M 

The  solid  constituents  of  sweat  are  so  small,  and  the 
secretion  happens  over  such  a  lai^e  surface,  that  at  pre- 
sent we  have  but  little  iu?curate  kiiowletlge  of  them.        ^M 

In  the  normal  slate,  the  sweat  contain;*  free  lactl^^ 
acid  and  fatty  matters,  which  are  often  increased  iu 
amount  by  admixture  with  the  fatty  producU  of  the 
sebaceous  glamlH.  Moreover,  as  the  sweat  depoeita  in 
drops  on  the  skin,  it  is  fissociated  with  surface  epithelium, 
the  quantity  of  which  increases  with  exercise  and  tixtci 
temperature  of  Iwdy. 

Simon  and  others  have  determined  the  specific  gravii 
of  sweat  to  be  about  1003  to  1004.     It  contains  iror^j 
0*5  to  1*25  percent  of  solid  (not  volatile)  constituent^^ 
Among  these  constituents  is  urea,  and  Fimke  has  estimated 
the  quantity  equal  to  about  0*7  grra.  nitrogen  during  2td 
hours.  ^1 

Chloride  of  sodium  ia  the  most  abundant  constitue 
while  lactates,  but3rraies.  and  acetates  of  ammonium 
aodiura  are  also  present,  and   attended   with   traces 
calcic  phosphate  and  ferric  oxide.     This  lattersuljstance 
perhaps  derived  from  the  epitlielium.   Volatile  fatty  acit 
such  as  valerianic  and  caproic  add  are  found  3oraetJm« 
but  it  is  doubtful  whether  they  pre-exist  in  sweat  or 
formed  from  it  during  early  changes  which  happeu  in 
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odc-000  . 

987-600 

100    . 

•250 

1030 

2-036 

a'-ioo 

6-000 

1-400 

3'6S8 

Chese  changes  seem  to  be  due  to  the  presence  of  a  nitro- 
mous  priuciple  of  uuasceitaiufd  compo^tion. 
Ansehnino  (bund  '  in  1000  parts  of  sweat — 

W»t«r 

Epidennifl  and  lime  aalts 

Sjnrit  extTBCt,  alltaline  cblorideB  . 
.Meoliol  Axuuct,  AcoUit«a,  lAct&tes,  &o  . 

100  parts  of  dried  residue  from  sweat  the  same  author 

^ound  22*9  of  fixed  salts,  con.sisting  of  chloride  of  aodiuni, 

carbonates,  sulphates,  and  phosphates  of  sodium  and  (in 

fmall  quantity)  of  potassium,  pliosphate  and  carbonate 

f  calcium,  and  traces  of  ferric  oxide. 

It  is  seen  from  the  nature  of  the  matters  excreted  in 
1  that  the  actions  of  the  lungs,  kidneys,  and  skin  are 
a  limited   extent  vicarioug,  and  it  so  happens  that 
eerious  Interferencss  with  the  fuintions  of  the  skin  often 
lead  to  serious  derangements  of  tlie  lungs  or  kidneys. 
SuKOt  in  Dvtenne. — Of  morbid  sweat  we  know  yet 
than  of  the  normal  secretion.     In  certain  diseases,  the 
amount  of  solid  constltUL'iits  is  matfrlally  increased,  and 
onium  salts  oto  particularly  present. 
In  cases  of  intermittent  fcversi,  rheumatic  complaints, 
&&,  critical  sweats  ai-e  usually  abundant,  continuous,  and 
watery.     In  putrid  fever  and   scurvy,  the  sweat  has  a 
■  putrid  odour,  and  Nasse  relates  a  case  of  diabetes  in 
~  which  sugar  was  found  in  the  sweat. 
1^         Among  other  abnormal  constituents  of  sweat  the  fol- 
H  lowing  are  stated  to  have  been  observed :    b!o«Kl,    uric 
W   wad,  biliary  colouring  matters  (as  in  j.iundicc),  urinary 
colounag  matters,  much  fatty  matter,  Icucin,  &c.  &c. 

■  Simoa'a  .irnmeU  C^emiitry.     KngUab  wlition,  p.  105. 
■  S 
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CnAPTEE   XV. 

THE    CHEMICAL   COiVSl'ITUTJON'    OK   THE    URAIS. 

So  voluminous  is  the  literature  of  brain  chemistry  that, 
were  it  attempted  to  give  atiylhing  like  a  complete 
history  of  the  subject,  it  would  amouat  to  a  treatise  in 
itself.  This,  therefore,  cnnnct  be  done  here ;  and,  in- 
deed, it  b  unnecessary,  for  Thudichum  has  done  it 
already  as  au  ap{>ei]dix  to  his  published  researches  on 
the  brain,  to  which  we  shall  more  immediately  devote 
our  attention. 

In  justice,  however,  to  other  workers,  we  give  a 
list  of  all  authors,  the  dates  of  their  publications,  and, 
where  necessary,  the  sidient  features  in  their  work.  For 
much  of  this  matter  I  am  indebted  to  Thudichum's 
papera  iilrcady  referred  to : — 


Il«f«r«i>OM  to  tbdr  PabUnaduiui. 
Ex&men  ohemic.  Cerebri.     GieMon,  171S, 
Miatwr.  Clicmiaj.  Aiy.  1760,  p.  204. 
Sw  tbe  nntsa  of  John  to  th«  trftniUdoa  or 

Vntiquolin'fl  re«»n:h    in  Schwdgg«r,  8 

(181S)«]. 

Jouni.  dc  Phy».  Si  (irOO)  S20. 

Ann.  de  Chim.  1<3  (1703)  283. 

Ann.  du  Mom.  d Dut.  Nat.,  1811,  p.  313- 
930;  atfio  tn  Ann.  CMm.  81,  97.  Eag- 
YUh  tmulAtior  in  Ann.  of  Philo*.  1333  t 
Qennan  in  Scbwei^or,  8  (1813)  <aO- 
400. 


Namo. 

r.Mi.-, 

lll(ll>in|f     . 

Sjunlnuuin 
Skl&nch    . 
IQurmui . 
BnrrbtM  . 

1716 
1760 

Tbotiret 

171)0 

ToaKToy   . 
VatK|U«)ia 

1703 
1811 
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Koha 


Ijmai^o* 


Oowrba    . 


Fnlay 


UoblBj      . 


J814 


1818 


icn 


1830 


18Si 


1S41 


(  Ie40.  1866. 
-  (     ud  W6 


Mikltrr       .        .      18*r-1858 
tilvUii  uid  Voo  rebK  an  re- 

(iMiolitr  ual  Fniiclw    — 
UAntrb  .       .         i*^ 
H.  Kv^Otf        .      1807-1868 
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Mv-ieee 


CfceaMcfce  SekriftflA,  voL  4,  nio,  31, 
pw  £2S ;  ud  ZcxxhuBiMlM  TiUles, 
I^  1,  A  (IS1«>,  f.  ISL  Aim  Gilbert, 
AnMl.  46  (1$14)  339. 
Ifep.  t  d.  Pbum.  53.  100 ;  *1m  ZeitK^T- 
t  d.  PlinioL  TOO  Tiadcaaini,  and  Ttt- 
1119;  kbo  in  OtneEn  tad 
db  Vwdauuag^  nch  Vec 

i8a«. 


De  CtalMteTJiio  cique  nmilibua  pii^nKdinil 
cofyaa  i*"™™  formk.  Din.  Lipnn, 
use.  AtMneted  in  Kuuwr'i  Attb.  f. 
NituWbR,  13  (ld2H)  337. 

AtUL  Chim.  46,  31& ;  aIm  Journ.  de  Olniii. 
ai«d.  ?nd  Nnic^  1,  :M  :  Compt.  Rvod. 
Si,ro3:  11.763. 

Aon.  Chim.  inA  aetiM,  S6,  100-199;  M 
■bo  XootcUm  GoDNd^mliota  tuT  le  Oaf 
Twu.    OocDpt.  Btnd.  10  Oe^)  [^4. 

Ann.  CUoL  3.  463 :  aIm  Journ.  de  Phatn. 
^.  463;  ftl«o  Joorn.  d«  Phum.  et  de 
Chim.  19  0^7)13. 

Radi.  ChimiqueB  but  I«  Jaudo  d  YEuf.  Jourt. 
d»  Pbun.  et  de  Chtm.  l)  (l&lfi)  1.  &!• 
iQl;  UKUoon.dePluu'tii.etdvCliiiu.U 
<I847>  409,  ud  13(itM7)l.  Seo  tbo 
B«a.  da  I'Awl.  de  U^  16.  471  ;  Joun. 
de  Phtnn.  et  de  Chim.  1 7  (IBM)  401 ,  aod 
18  (1860)  107 ;  klM  19  (1«61>  400 ;  21 
(IMS)  941 ;  30  (186U)  341.  Tb«  1^6 
paper  ia  in  J.  de  Pbum.  et  di>  Chin. 
(4)  XX.  ]6I-ie& 

)  Ann.  r.h^ia.  10S(l«67t  131. 
I  Anil.  Cbem.  105,  .t6l  [iSSei). 

Verh.  d«r  Zurcher  oat.  QcmU.  It.  66,  {  14. 
Ann.  ChefD.  134,  28. 

De  Mjetim  quod  roeuit  oooatitQtkiM 
ebtniic*  diaqo.  HoUe,  li^7.  See  etso 
Ohem.  rnteiK,  tlb«r  die  falvhlick  Iloni- 
ftlte  ^nimnten  SulwUnien  iind  ihre 
ZerwUungiprodacte.     Ualae.  I860. 

Olw-m.  Cenlr.  III.  12,  1029  (1667). 

Cenl.  ni.  Xo.  I  (1*45),  aod  No.  7  (ISOS^ 


UTERATCBR   OP   BRAIN   CIIEMISTKY. 


265 


'  StKcker    . 
Beujer      . 

D.  iVUwwaky    . 

Tliuilichum        . 


1B08 

1&73 
1874 


1870 


'  Tliii<)irliuiD  and  1 

Kio^tett    .        .  — 

■R.  T.  JakBch      .  1877 

F.Sclmi    .        .  Id77 


Raromooa  to  Uietr  PnUlcaitaiw. 

SiU.  Ber.  d.  AomI.  d.  W.    Miinchwo,  1860, 

2. 1»00. 
Anil.  Cboui.  140,  300. 
Jouni.  pr.  L'Wm.  t()2  (E807)  24. 
Pflug»r'»  Arcbiv.  vU.  S64-i'0;j. 
It«ports  of  tho  Medical  OfticM  of  the  Priry 

Council  &iid   IjOcnL  fiovAmitii'iit  Board. 

New  SeriM,  No.  .1,  1S74. 
lUpuil.     N*;m-  Hvtw,  Mci.  8  (1870). 

Report.    New  Serie«,  No.  8  [1«70). 

AIbo    Jours.    ChutD,    Soc.    Jul;    1876  ■ 

Seplemlw  1870. 
Cbvm.  NewB,  vol,  xixir.  p.  158  ;  Pliann. 

Journ.  February  26  and  Mareli  11,  1870; 

Flinrn).  Jouni.  Jtina  0, 1877  ;  Qii»rmrly 

Jnunuil  of  Scdenre,  January  1677. 
PHiij^or'*  ArL'liiv.  f.  Phvwologie,  xiii.  400- 

474. 
Gaizctta  CMmicA  Italiona,  vi.  4ttS~171. 
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Heusiiig  discovered  the  preaence  of  jihospliorus  m 
the  brain,  and  this  const ilutctl,  perhaps,  the  first  known 
fact  relative  to  its  composition. 

Spiclmnnn  examinctl  the  nsh  of  bruin  substance,  and 
found  in  it  particles  of  matter  attrafitod  by  the  magnet 
(ii'OQ  or  mangaueae). 

MiJnch  obtained  oxalic  acid  from  brain  matter  by  the 
acUun  of  nitric  acid  upon  it  (the  oxalic  acid  was  probably 
derived  from  cerebrin). 

Gnrman  observed  the  prolonged  conservation  of  the 
brains  in  the  skulls  of  corpses. 

Burrhus  coraiwircd  the  brain  to  an  oil  mixed  witln 
spennaceti. 

Thourct  conchidetl  that  brain  matter  consisted  of  a 
soap,  a  fatty  matter  siniilar  to,  or  identical  with  speniia- 
ceti,  and  a  fixed  alkali. 
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Fourcroy  discovered  the  presence  of  an  albuminous 
principle,  a  peculiar  aninud  matter,  aad  the  phosphates 
of  ammonium,  »odium,  and  calcium.  He  subjected 
bnin  matter  to  the  action  of  various  reagents,  and, 
by  extracting  it  with  alcohol,  obtained  yellowish-white 
plates,  which  were  supposed  to  be  analogous  to  spenna' 
celi,  but  which  were  probably  impure  cholestcrine. 

Vauquelin's  research  was  particularly  brilliant  in  il 
results.  He  appears  to  have  obtained  a  mixture  of 
cerebriue  with  cholesterine,  but  did  not  succeed 
separating  theiu.  He  also  obtained  bodies  of  a  fatty 
character  (the  phosphorised  principles),  but  did  noi 
understand  well  what  lie  had  in  iiis  bauds,  although  he 
proved  the  presence  of  iihosphorns  in  organic  combi- 
nation. In  fact,  Vauquelin  concluded  that  the  ph 
phorus  existed  in  a  form  like  that  in  which  it  had 
shown  to  be  present  in  the  roe  of  fishes  by  Fourcro; 
Beyond  the  white  phosjthorised  matter  w}ii<.-h  rcceiv 
this  pfirtirtl  examination  in  the  hands  of  Vauquelin, 
another  more  oily  substance  was  likewise  obtained  from 
the  alcoholic  mother  liquors,  and  finally  a  water  extract 
containing  phosphates  of  calciiim,  magnesium,  and  potas- 
sium, osmazome  (or  soap-like  extract),  nlbumin,  and 
8ul])hur.  He  eatimatod  the  quantities  of  these  sub; 
as  follows : — 

'^''aiep 80 

Whilw  fiittj-  mutter 4-53 

K«d        , 070 

Albumin 7-00 

Oamutomu 1-13 

PbMphoTus 1-00 

Ai^ii,  wlta,  suEpliur     ...                 .         .  Q-]6 
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Vauquelin  also  mode  some  obsorvtitions  regarding  the 
putrefaction  of  brain  substance,  and  fouud  also  that  the 
nerves  po^esscd  a  similar  cora]K>9ition  to  the  brain,  but 
COntAincd  less  fatty  and  more  albuminous  substance. 

J.  F.  John,  in  an  examination  of  the  brain  matter  of 
calves,  deer,  chickens,  and  crayfish,  repeated  and  cmj- 
firmed  many  of  the  observations  made  by  Vauquelin, 
but  otherwise  failed  to  advance,  in  any  sense,  the  know- 
ledge of  brain  chemistry.      ■  .       . 

L.  Gmeliu  identified  the  cholesterihe  of  the  brain 
with  that  derived  froiu  gall-stonus. 

Klihn  gave  to  one  of  the  principles  of  the  brain  the 
name  of  cerebrine,  and  to  another  that  of  myclokon,  but 
gave  no  absolute  characteristics  of  either  substance.  He 
appears  also  to  have  first  noticed  the  rt-ddish -brown 
matter,  afterwards  described  by  Conerbe  as  ci^phalote. 

Lassaigne  gave  the  following  analysis  of  the  retina 
and  the  optic  nerve : — 

II«ii)ia. 

IWdtBT 8200 

:  SkpooilUlilo  fat  and  uiebrin  .      C-8S 
Aibmnin        ■        •        ,        .      D'SC 

ICoucrbe,  in  a  comprehensive  research,  isolated  the 
following  principles  of  brain  matter  : — ■ 
Unfortunately,  by  some  accident,  he  was  led  to  make 
the  stiUement  that  the  brain  fata  contained  sulphur,  and  as 
this  was  afteiTvards  discovered  by  Fremy  to  be  erroneous, 


OiitiCDem. 

■Wftter      . 

.   7n-a6 

Oere brill    . 

.       440 

OsataiQine  aod  salt 

.      0-42 

0«IaUu«    . 

.      2  75 

A  jellow  pulverulent  Ikt 
A  jellow  elastic  fat        ,        , 
A  jraQowifib  red  nil  ,        , 

The  -wMto  mattoT  of  Vauquelin 
CbolDsterine. 


»  Stifaroconoto. 

*•  Ctiphalote. 
•=   ElotfncL'phoI. 
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Uiese  researches  were  for  a  long  time  comparatively  dis-j 
r(^ardetl.  Thudichum  has,  however,  done  full  justice 
to  Couerbe  in  his  history  of  the  literature  of  brain 
cheinliitr}',  and  haa  shown  how  iusignificaut  were  th( 
critical  rcsoai'chea  of  Fr^my  in  comparison  with  those 
of  Couerbe. 

Couerbe  analysed  his  corebrote  with  the  following^ 
results : 

0.     ...*..   -  or-srs 

H. -     11100 

N. =     8-3ao 

S =       2I3H 

P. -       2S33 

a -   is-ai3 

Thudichum  supposes  that  Couerbe  unforluoately  in- 
troduced liis  sulphur  by  the  use  of  nitric  acid  coi»talmi 
sulphuric  acid.    The  presence  of  phosphorus,  as  we  noi 
kuow,  was  also  a  proof  of  the  impurity  of  the  prepiirntioa! 
otherwise,  the  analysis  altogether  was  a  very  fair   oner 
Fremy  assumed  that  the  sulphur  foimd  by  Couerbe  was 
derived  from  admixture  with  albumiuous   matter;  but 
this  could  not  be,  for  not  only  are  most  albumiiuuis  mailers 
insoluble  iu  alcohol  (the  reagent  employed  by  Couerbe) 
but  even  pure  albumin  contams  less  sulphur   thau 
found  present  in  the  principles  examined  by  Couerbe. 

FiX)m  the  analysis  given  by  the  latter  chemist  of 
ct^phalote,  it  is  seen  that  he  did  not  obtain  this  principle 
(now  termed  kephaliiic),  iu  anyttiing  like  a  pure  stat^f 
nevertheless,  he  established  its  individuality.  The  same 
is  true  of  his  st^aroconote.  Tlie  elct^ncephol  described 
by  Couerbe  was  probably  a  mixture  of  what  is  now 
termetl  lecithine,  with  its  decomposition  prodmtts  and 
other  impurities.      The   great    credit  due  to   Couerbe 


Liera 
:be)M 
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'  consists  in  the  fact  that  he  was  the  first  chemist  to 
submit  the  brain  corapouenta  to  ultimate  aiialysia,  and 
,.   in  a  day  when  the  methods  were  not  nearly  so  accurate 

I  as  they  liave  sauce  become.  He  analysed  fJiolest«iine 
with  correct  results. 
Freiny  ix?-examined  the  c^'r6brot«  of  Cnuorbe,  and 
gave  to  it  the  name  of  ccrebric  aoitl ;  but  he  never 
obtained  this  substance  free  from  phosphorus,  which  he 
said  was  often  romliined  with  sodinra  or  phosphate  of 

I  calcium.  He  also  isolated  what  he  supposed  to  be  a 
new  body,  and  named  it  oleophosphoric  acid;  he  re- 
coguisctl  that  acids  and  other  reagents  readily  caused 
tlic  dcconijKiaitiiin  of  this  body  into  oleine  and  phos- 
phoric acid,  but  failed  to  give  an  elementary  analysis  of 
his  products.     More  recent  researches  have  shown  the 

^error  of  Fnimy'g  work  ;  his  oleophosphoric  acid  does 
not  exist,  but  what  he  obtained  was  apparently  n  mixture 
of  lecithine  with  its  products  of  decomposition. 

Fremy,  however,  descriljed  an  improved  inet}io<l  for 
the  isolation  of  cholesterinc^  nnd  noticed  that  in  the 
process  of  putrefaction  conducted  upon  brain  matter, 
felty  acids  are  set  free ;  but  he  was  in  error  in  supposing 

■  thatthcseulsoexist  to  some  extent  naturally  in  the  healthy 
brain  matter.  The  obaervjition  of  Fremy  regarding  brain 
pulpefactioii  is  comparable  with  a  similar  one  made  by 
Chevreul  upon  the  fat  of  dead  iKKlies,  and  another  by 
Pelouzc  and  Felix  Boudet  regaixling  palm  oil ;  these 
observers  found  that  a  nitrogenous  matter  {probably 
of  nlbmninous  origin)  splits  up  the  fats  into  free  fatty 
adds  and  glycerine.  Chevreid  had  also  already  de- 
monstrated in  the   blood  the  presence  of  fatly  matter 

found  also  in  the  brain.     (See  the  Chapter  on  BIo4id ; 
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Thudichura  and  Kingzett's  account  of  the  pbo8phoaawL_ 
substancu  attached  to  thu  blood  corpuscles.)  ^^^| 

Tlic  fii-st  researches  of  Qobley,  although  conductw! 
upon  the  yolks  of  e^s,  had  a  very  direct  bearing  upon 
brain  chemistry.  He  found  that  they  contain  water,  an 
albumiuoua  body  which  he  called  vitelline,  oleine,  mar- 
garine, and  a  viscous  substance.  Ijecanu  had  previously 
found  cholcsterine  in  the  yolks  of  eggs,  and  Ooblej 
submitted  it  to  analysts  and  established  its  identity.  Op 
submitting  the  viscous  matter  to  decomposition  with 
acids  and  alkalies,  he  found  that  it  was  split  up  into 
oleic,  m;u-garic,  and  phosphoglyceric  acid,  and  hence  he 
supposed  Uiat  these  were  originally  present  in  ciimbina- 
tion  with  ammooia  as  a  true  soap.  He  aI»o  determined 
the  presence  of  lactic  acid,  various  mineral  salta,  and 
osmazorae  (or  meat  extract )  in  the  yolks  of  egg. 


Goblcy'a  next    research   waa    conducted    upon    t 


e^il 


brains  of  chickens,  sheep,  and  men,  and   he  obtainf 
from  these  a  viscous  matter  like  that  ab-eady  described  ; 
but  he  withdrew  his  previously-announced  view  regard- 
ing this  compound  as  a  soap.    Yet  later,  in  researches 
ujx)n  the  ^gs  of  carp,  he  was  led  to  assign  the  namfl^| 
of  ccrebrinc  and  lecithine  to  those  substances  previou^^^ 
termed  by  Fremy  cerebric  and.oleophosphoric  acids,  but 
he  did  not  succeed  (as  we  ^hall  see  hereafter)  in   fiUly 
establishing  the  nature  of  lecithine,  which,  together  with 
some  oerehrin,  constituted  Ids  vi8(t)us  mnttcr.     To  th^| 
ccrebrin   from   eggs    he    assigned    the   following    com- 
position ; — 
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The  presence  of  phosphorus  demonstrates  that  he 
did  not  obtain  cerebrine  in  a  perfectly  pure  state. 

In  another  research,  Gobley  identified  in  the  milt 
of  carp  the  ingredients  he  had  found  present  in  eggs, 
and  pronounced  F.  Boudet's  scrolino  to  be  a  mixture 
of  oleine,  margarine,  cholesterinc,  and  a  little  albumin. 
Finally,  in  his  last  work  at  this  date,  he  maintain«l  that 
the  £itty  acids  obtained  in  the  decomposition  or  putre- 
faction of  bile  are  products  of  the  splitting  up  of 
lecithinc,  although  neutral  fats  and  cholesterinc  are  also 
normally  present.  Here  Gobley  relinquished  his  re- 
searches until  quite  recently,  and  it  was  left  to  Streckcr 
to  complete  a  research  which  bad  been  atlende*!  with 
such  pregnant  and  important  results. 

liebig,  in  an  essay  on  the  extract  of  flesh,  had  raised 
the  question  whether  the  bruin  furni.sho(l  products  like 
to  thiise  obtained  from  muscmlar  tii^sue,  and  in  .sonic  prc- 
Uminary  experiments  he  subjected  brain  matter  to  the 
action  of  dilute  baryta  water,  but  failed  to  find  kreatine 
among  the  products.  Von  Bibra  studied  also  the  water 
extract  of  brain  matter,  but  failed  to  find  kreaiine, 
|nu)6inic  acid,  inotdte,  and  hypoxanthine;  be  determined 
[the  presence,  however,  of  volatile  organic  acida,  among 
them  formic  acid ;  he  also  showed  the  presence  of  lactic 
acid. 

Bibra  analysed  a  sample  of  impure  cerebrin  and  failed 
^to  obtain  metallic  combinations  of  this  principle.  He 
pointed  out  the  purple  colour  which  this  subsfancc  strikes 
with  strong  sulphuric  acid,  a  matter  which  has  been  ex- 
plained in  the  Cliapter  on  '  Pettenkofer's  reaction.'  He 
alio  noticed  the  pecuUar  power  possessed  by  cerebrin  of 
wrelling  when  placed  in  contact  with  water. 
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Mulk'r  iiu'ttated  tlie  process  wliich  Ijebig  had  employed, 
bul  fttiled  to  obtain  tlie  two  barium  salts  which  ihiit 
cli«ini»t  had  staled  to  be  produced.  He,  however,  found 
auulbuiiiiiious  body  in  tlie  filtrate,  and  by  Ruilablc;  meaos 
idcuUlied  tlio  presence  of  cholesteriue,  sodium  chloride, 
iukI  kreatiuo  when  human  bruins  had  been  employed. 
Whcu  ox  braius  were  made  the  subject  of  study  no 
kreiatiiii'  waa  found,  but  a  8ul>stanco  resembling  leudne.  . 
In  fiu'ther  experiments  these  observations  were  coufirme^H 
mkI  it  was  also  shown  that  uric  acid,  a  substance  resem- 
bliug  xaulhiiiB  or  hyposauthine,  and  inosite  were  among 
ihu  uxtruytives  obtaincil  by  the  Iwrytn  process. 

hreatiu  wciu^  only  in  smnil  quantity  in  human 
bruliUi  whtUt  Liebig  found  SC  gnus,  in  100  Iba.  of  lean 
htmH'lU^tJi,  30  tjruis.  in  86  lbs.  of  ox  flesh,  and  72  grms.  in 
IW  llw.  of  Kwi  d(i(;  flesh.  Miillcr  only  obtained  b 
ti  griu.  of  kivaiine  fi*om  24  lbs.  of  human  brains,  T! 
JI1VW.HUV  of  kiviitinc  was  confirmed  by  Lerch,  of  Prague." 

Slinli'ler  tuid  Krorichs  found  leucine  in  the  brain,  bi 
MUM^  fuilvd  to  Hud  this  or  any  homologue  of  it  as 
vxuolituout.      lie  obtained  12  grms.  of  calcium  loci 
Ikvtu   AU   Iba   of   ox  brains.      Tliudiclntm   summar 
\'  ■  iwtulUi  llius  far  as  follows : — 

1 1 ;-   Ihf  briiin  of  man,  iu  the  jrortion  soluble  in  wat 
f.vMt..  uv  14  -kLik.iII  ipiantity  of  kreatinc. 

iher  hand,  kreatiue  is  not  present  in 
!u>  Imivi"  eoutjiius  either  leucine  or  a  hom 


>;iu  K«d  OX  brain  volatile  acids  of 
'■  wiy  small  quautitii;a. 

kI  ox  brain  contain  considerabl 
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(5)  Ox  brain  couUius  a  litUe  unc  acid  and  some 
quantity  of  inosite. 

(6)  Succinic  acid,  glycogen,  kreatinice,  urea,  cystine, 
and  taurine  could  not  be  fuurid  in  the  brain. 

In  liis  next  paper,  Mialler  described  his  methoda  of 
isolating  the  principles  of  brain  substance,  and  stated 
Ihat  cliolesterine  forms  one-third  of  the  constituents  of 

»the  brain  matter  soluble  in  alcohol  or  ether.     He  also 
obtained   cerebriue   for  the  first  time  free  from  phos- 
phorus, aud  gave  to  it  the  formula  CijHbbNO,,  based  upon 
K  the  Cf)mpusition : — 

B             O C836  .  .  88-56  .                — 

■  H.      .  .        .        .  11-30  .  .  ]]-:»  .'  .    11-00 

■  N 4-tIO  .  .  -I'S-t  .              4-20 

^L  a      .        .        .        .  15-66  .  .  15-66  .              — 

^^^He  submitted  some  of  his  preparation  to  the  action 

Pof  boiling  nitric  acid,  and  obtained  an  oily  yellow  body 

which  soUdified  on  cooling  ;  this  was  recrystailised  from 

ticohol  and  analysed  with  the  following  results ; — 
0. -     76-53 
_.H. --     12-1)3 
pa -   n-M 

leading  to  the  empirical  formula  CoITigO.     As  this  sub- 
stance was  not  (apparently)  examined  for  nitrogen,  no 
nafe  conclusion  can  be  drawn  from  this  experiment. 
V      After  some  little  work  upon  the  phosphorised  consti- 
■tnents,  MUUer  thought  it  safest  tu  cuiisider  the  question 
aa  to  the  form  in  which  tlic  phosphorus  is  contained  as 
unsettled. 

■  0.  Liebreich's  research  was  almost  confined  to  what 
he  termed  protagon,  but  what  now  appears  to  have  been 
a  mixture  of  various  substances,  including  cerebriue  and 

rsoiue  phosphorised  principles.     Wlien  boiled  with  strong 

T 
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baryta  water  this  mixture  yielJwl  glycerophosphoric  aci 
impure  stearic  acid,  and  a  second  jseeiuingly  new  acid ; 
also  a  new  base  which  Liebreich  termed  neurine.    Tl 
uew  acid  wjvs  undoubtedly  (as  we  now  know)  derived  frora 
the  decoraposilion  of  the  cerebrine  group  of  suUstauce^. 

K'H'hler  reo)<rnised  the  presence  of  hyposanthineand 
iuesile  in  bmiu  matter.     He  nlso  analysed  ii  phosphorised 
body  in  wliich  the  relation  of   nitrogen  to  phosphorus 
WHS  as  1  : 1.   He  termed  it  myeloidine  (CVHtoNPOi,),  but 
evidently  it  was  not  a  pure  individual,  nor  did  his  mycla- 
Uinie  acid  (CnH.MN'il^Ojs)  present  the  necessary  giwrautees 
of  a  pure  chemical  individual.     Koehler  further  describeti 
the  pro|>erlie3  of  several  other  substances  which  he  ob- 
uuned,  altliough  in  an  impure  condition.     Thus  the  body 
which  he  named  myelomuT^arine,  and  which  be  subjected 
to  boiling  with  alcoliol  acidulated  with   sulphuric  acid, 
was  beyond  doubt  a  decunijxjsition  product  of  cercbrini', 
produced  by  the  very  act  intended  to  purify  it  (seeThudi- 
chum's  researches) ;  moreover  it  is  probable  that  Koehler   , 
^>veriooked  the  presence  of  nitrogen  in  his  product.       ^M 
Olto  also  appears  to  have  overlooked  the  presence^ 
(rf"  ullix>geu  in  cerebrine,  otherwise  the   result.-*   of  his 
Uiwlyse-H  wen'  almof-t  idenlical  with  those  which  Miiller 
i.t.iiiiiud  wlien  working  with  c-erebrine  similarly  prejwired. 
.  Ucil  tk^mewhat  the  products  of  decompoation  of 
^llte  kU^MliUtev ;  for  instance,  those  obtained  by  heating 
!4^fiu^  bv(\^lve  hours  with  hydrochloric  acid.      Amon^^  | 
ft'wud  a  gclaliuous  matter  resembling  fat,  and 
7  \  i  |H"r  cent.  C.  aiiJ  12*2  per  cent.  H.,  and  in 
■w  mother  liquor  from  its  crystal lissit ion  a 
jii^I  Ht  66\  aud  containing  81-3  per  cent. 
■  »  ^»w  c%*ttl-     He  further  found  a  ayrup  which 
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rucliiced  copper  solution,  &c.,  and  wliich  contjunetl  41*7  [kt 
treut.  C.,  C*7'32  per  cent.  II.,  but  (Ud  not  apparendy  iden- 
tify it  with  glucose,  which  requires  40  per  cent.  C.  and 
6-60  per  cent.  H. 

Otto's  research  might  have  been  particularly  valuable 
and  fniitfitl  m  results  had  he  not  so  persistently  dis- 
regarded the  presence  of  nitrogen  in  hitj  substances,  thus, 
for  example,  his  method  of  dtjcomposition  would  have 
yielded  him  the  body  termed  psychosinc  by  Thudichum, 

Diakouow  more  particularly  studied  lecithiue,  uud 
gave  to  it  the  formida  C„n5oXP09  +  Aq.  Its  decomposi- 
tion by  boiling  hiryla  water  he  represented  as  follows: — 


Oljnirciiihn*- 


glMkricAdJ. 


X«uriiui 


LodtfalMi 


• 


c,n,Po,  -f  2tc„H^o,)+t:,H„xo,-8n,o-cjr^Ni'0^ 

He  found  a  substance  answering  to  this  description 

the  brain  of    cows,  but  he  was  so  far  wrong  that 

ilhinc   from  brain   does  not    give  two  molecules  of 

itearic  acid,  but  one  of  stearic  acid  and  one  of  oleic  acid. 

Dinkonow  also  studied  the  products  of  Kochler,  and  came 

to  the  conclusion  that  they  were  mixtures, 

Strecker's  first  research  was  conducted  upon  q^s, 
t  has  a  very  direct  bearing  upon  brain  chemi.stry.  He 
Isolated  the  Iccithine  by  precipitation  from  an  alcoholic 
solution  with  an  alcoholic  .solution  of  platinic  chloride 
acidulated  with  hydrochloric  acid.  In  other  experiments 
he  used  cadmic  chloride  instead  of  the  salt,  of  platinum, 
fitrecker  found  the  platinum  compound  to  be  unstable  iu 
character,  but  admitting  of  purification  by  dissohing  in 
ether  and  reprecipitating  with  ah-ohol.  Tlie  cadmium 
com[K>und  is  almost  insoluble  in  ether,  but  soluble  in 
acidulated  alcohol.     From  the  solutions  of  lecithiue,  the 
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metals  inuy  be  removed  Ijy  sulphuretted  hydrogen*  ai)d_ 
the   (iltrates,  on   treatment  with  n   current  of  carboi 
aiihydridu  and  evajjoration,  ieav«  lecithiue  hydrochloi 
as  a  wuxy  mass.     From  the  solutiou  of  ihi^,  the  HCl  maj 
be  removed  by  oxide  of  silver,  and  tlie  excess  of  thi| 
reagent  by  sulphiirctted  hydrogen. 

Strccker  gave  to   the    plutiimm    salt    the    formul 
2(C„IIs,NPOj)CI,PtC]<,  and  represented  the  decomi 
tion  of  the  free  body  with  baryta  water  as  follows; — 


VbwtaAdd. 


Ohnllnp. 


OIHf  AiJit 


LtdlhlM; 


c,n,PO, + o»n.j«o, + c,jt^s\ + Q„H„o,-  3H30-c,,!t^n-po, 

It  shouKl  be  observed  that  he  used  tlw  formula 

palmilio   aiid,  and  gave  to  It  the  name   margaric  acid 

(which  18  really  CuHwOj,  and  which  probably  exit>tSt  ai 

sihouUI  thcreforu  not  be  coufouuded  with  pidmitic  acid). 

lUeyer  repeated  liebreich's  proce:«  and    obtains 

luiurihe  (flii»!iu(.'),  which  he  purified  by  iirecipitation  of  ita 

hydi\H'hluiio  aeid  solutiou  with  phosphowolframic  ad< 

liud  decompoMlion  of  the  compound  with  baryta  wat 

'Vh«  fillrutt!  friM^d  fix)m  baryta  is  yet  coloured.     He  fount 

tK*  b*-"*!  nu'thod  of  purificaliim  tw  consist  in  making  th« 

^it:i!iic  com|K>und,  and  ou  examination  of  his  diffbrei 

1^413  he  concluded  that  neurine  is  a  mixture 

t,  giving  the  combiuatioaa 

a(cji.,Ni))2noiPtci^ 

.^..  9(C,H„N)2U(:U»tCl,; 

uojt  QuuAuu  »  third  ba»e,  giving  the  salt 

»tCJ1uN)2H0lPtCl^ 

^wioture  of  concentrated  solution  of  tl 
t-"^  x>.  dhacnbod  with  concentrated  hydnodic 
^4^10^  Ui  «  sealed  tube  to  120-150" 
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luring  some  hours,  Baeyer  oblaineil  large  colourless  pris- 

fitic  crystals  of  the  formula  (C'aHnN)!,.  This  compound 
ve  up  lo  nitrate  of  silver  or  freshly  precipitated  chloride 
silver  only  one  iodine,  and  wlien  chloiide  of  silver  was 
used  one  atom  of  chlorine  was  assimilated  in  \\s  place, 
thus  fiuiiiahing  a  substance  which,  when  combined  with 
platinic  chloride,  had  the  formula  2((CsHiiN)ICl)PtCl4. 

When  digested  in  the  warm  with  silver  oxide,  the 
iodide  hwt  both  iodines,  and  yielded  a  base  which  gave 
the  salt  C,on„NA2HCl,PtC], ;  more  probably 

knection  with  bnun  chemistry  the  important  point 
yer's  research  is  this :  he  was  ihe  first  to  show 
that  brain  matter  fumishea  the  base  CsU„NO.    His  other 
work  showing  the  chemical  relations  of  tiiis  substance  is 
of  subsidiary  interest,  at  least  for  the  moment.     Inciden- 
tally it  may  be  observed  that  A,  W.  Hoffmann  obtained  a 
^bstaucc  of  the  composition  (Cill,|X)Br,  by  treatiug  an 
^ucous  or  alcoholic   solution   of  trimcihylamine  witli 
ethyleno-bromide  ;  the  product  gave  up  to  argentic  nitrate 
one  bromine,  leaWug  a  substance  which  (combined  with 
platinic  chloride)  had  the  formula  2(CJi„N)BrjCl„PlClt. 
Both  bromino-a  are  removable  by  chloride  of  silver. 
"    Von  Babo  and  Huachbruun'  discovered  a  base  named 
•dnkaline  as  ti  decompo«ition  product  of  sinapine  (from 
lustard),  and  A.  Clauss  and  C.  Kesse  claim  to  have  estab- 
hed  the  identity  of  sinkaliuc  with  choliuc  (meaning, 
)bnbly,  C,n,^0,). 

The  further  study  of  these  bases  will  be  continued  in 
tting  of  Thudiclium's  :md  Euigzett's  researches. 

>  .^mt.  CAem.  84,  10. 
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D.  I'eirowsky  in  no  way  advanced  llio  clicmisttr 
braiu  substance,  and,  on  the  other  hand,  gomewiiat  ii 
pedod  its  progress  by  asacrting  the  prcsonce  of  fiits  in 
ether  extracts.  Srain  matter  contains  no  fata  properly  i 
trailed.  Petrowsky's  otlier  observations  were  in  no 
oiTgiiial.  He,  however,  states  that  dried  grey  substauj 
(■<Hisisls  about  liiUf  of  albumin,  a  quarter  of  elioleslerii 
and  fate,  and  contiiins  little  cerebriae,  its  |)riucipal  coi 
piiiicnls  bciing  therefore  albumin  and  wait-r ;  while  in  the 
white  matter  cholestcnne  and  fats  form  much  more  th&o 
half  of  the  dried  substance^  albumin  a  quarter  of  the  v\k 
substance,  and  cerebrine  is  present  in  considerable  ainoul 

Since   the  date  of  Thudichum's  first   researche!* 
brftin  chemistry,  M.  Goblcy  has  published  the  followii 
table  setting  forth  what  he  regards  as  the  mean 
tage  composition  of  the  brain : — 

W«Wr «000 

Albumia  V'^diDarv  allnuiiiii,  Ktiublo  in  u-ftter)  .        .       1-00 
Cephalln  (an  albuiniiKtid  matter  ui^olullo  in  wutar>  ,      T'fX) 

Cbd«M«rioe l-au 

Owbriue .       It-Wl 

■.rK-ithiiiD .       &-CO'j 

Ulein  aud  mu^Rrio    ' tnoM 

Isodte,  cwBtinu,  xanthine,  kc.         .        .        .      uiid«t«risLiiM 
ExtriiAtdve  mnttMS  (nqneoua  nnd  ftleoboUc)       .        .      ]'50 
('hiflridMof  potAMiiim  and  Kodinm    .        .        .         1    i  im 
PhuAph&tes  oE  potMaium,  lulcium,  Had  lUftaMJum    .1 

100-00 

Tt  will  be  seen  from   Thudichum's    researches 
tliis  table  is  valueless  because  incorrect,  but  we  give  It 
of  respetit  to  the  great  chemist,  who  died  s<H)n  after 
pubUcation. 

H.  V.  Jukscli'  discovered  in  the  braiu  the  substance 
termed  by  Mieschcr  '  nuclein ; '  that  is  to  say,  he 

■  Pfltigei's  Archie./.  2^^'olojfie,  iciil  ■USMr4. 


SOME   WOKTIILESS  RE«>£ARCUKS. 


279 


rSfeU  an  impure  albuminoij,  and  as  this  discovery  will 
iivc  critical  notice  in  the  Chapter  ou  the  Albuauuous 
?riHcipIcs,  it  may  liere  be  dismissed. 

F.  Selmi,'  from  seme  experiments  od  the  products  of 
le   putrefaction   of  bniin   matter,  concludes   thnl  the 
lin  ill  a  putrefied  state  does  not  contain  any  of  tlie 
)wer  acids  of  phosphorus,   but  a    phosphoriscd   coin- 
mnd  of  unknown  nature.     Xo  doubt  It  may  contain 
3veral    compounds  of    unknown    nature,   produced    by 
re-orraagement  of  the  pnxlucts  of  decomposition  of 
le  original  phosphoriscd  and  other  components.     The 
curacy  of  F.  Selmi's  observations,  howevei*.  we  disLrast, 
>m   the   fact  that  lie  states   phosphoric   acid  lo  have 
obtained   from    a   volatile    product    of  putrefac- 
jn  I     Tills  kind  of  research  is  not  only  unsatisfactory, 
it  deserves  no  kind  of  commendation,  or  we  should 
pause  to  notice  a  furtlier  paper  by  F.  Selmi  on   *An 

ilkaloid  obtained  from  the  Uvcr,  the  brain,  and  the 
'ild  poppy.'  Wheu  the  alkaloid  has  received  an 
nalysis  the  matter  may,  perha|>s,  l>e  worth  attention, 
ut  till  then  no  statement  regarding  it  should  have  been 
^ubli8he<l. 

■     In  the  foregoing  pages  a  brief  summary  has  been 
given  of  the  researches  antecedent  to  those  of  Thudi- 

ihum  and  other?  whi'-h  will  be  prcsente<l  hereafter  as 
epresenting  the  position  of  our  knowledge  to-<lay,  and  it 
I  readily  ptTcoiwd,  and  must  be  acknowledged,  that 
broughoui  the  range  of    pliysiological  diemistry,  nri 
subject  can   boast  of  so  complete  a  liteniture  or  of   a 
Kemistry  so  well  studied.      It  is  tliercfore  the  more 
remnrknble  that  in  most,  luid  evuu  moduin  treatises  ou 

>  Omtdta  Ckmica  linlimat  vL  40tMri. 
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animal  ebemistry,  the  subject  of  bnun  clieraistry  is  ord^* 
uarily  sticnficed  to  tiie   more  complete   descriptious  of 
matters  about  which  our   real    knowledge  is  relalivelj 
vastly  iuferior.     For  example,  one  well-known  text  book' 
out  of  572  pa*;es  devotes  little  more  than  one  page  to  t 
chemistry  of  tlie  bniin  I     In  another  book'  the  foUowi 
analysis  (?)  is  given  of  cerebral  matter : — 

Wfttar eo 

FftU 0 

Albiimin 7 

Kxtr'u^tivea  (mi  •talts S 

In  a  third  and  even  more  modern  treatise,  by  Prof. 
Karl  B.  Hofmanu,*  more  space  is  devoted  to  *  niicloin' —    „ 
an  impure  ordinary  albumiuoid— than  to  the  whole  bral^| 
chemistrj',  while  eight  pages  are  devoted  to  the  structural 
fonnula  of  glycerine !  ^^ 

lu  contradistinction  from  such  authors,  we  shall,  i^* 
addition  to  what  hiis  been  already  describ(.?d,  now  proceed 
to  place  the  chemistry  of  the  brain  before  the  reader  aa 
it  is  known  to  us  to-day.  Before  doing  so,  it  may 
stated  that  the  publications  of  Thudichum  (the  rcfereu 
to  which  are  given  at  iho  head  of  this  chapter)  form  the 
chief  basis  of  what  will  be  presented.  With  these  rc:^ 
searches  the  author  of  this  work  had  a  per.-onal  comieC'S 
tion  so  far  as  they  have  yot  been  published,  h<iKliiig  at 
that  time  the  |K>8t  of  chief  professional  assistant  in  thj 
laboratory  of  which  Dr.  Thudichum  was  the  head. 
Thudichum   and   the   author  also   published  several 


'    Hmulhook  for    fhr    P/i^/tiatoffietil   Labornittry,    lijr     Klein, 
Foster,  and  Kruntoo  ^CliurcliiH,  if*73). 

•  I^ytiidwfirai  Chen\utrti,  by  C.  11.  Rafl'e. 

•  Ldtrbueit  dtr   ZoaehrmU,  von    Kwl    K.    Hoftnann,  Prof,    der  Phj 
Ofiffiu.  an  An  UnitersitJit  OTiiti!  (Wieii,  IflTO). 
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conjointly.  The  measure  and  manner  \n  which 
Fresearches  were  conducted  were  sucli  aa  can  oi;ly  be 
secured  by  the  outlay  of  money  in  the  power  of  Govern- 
ment alone  to  provide ;  and  these  coudltiaiia  materially 
assisted  of  course  townrds  securing  lasting  and  great 
results.  In  fact  it  is  not  too  mucin  to  say  that,  at  no 
time  ill  the  history  of  tliis  or  any  other  coinitry,  h:is  such 
an  extended  and  iruitful  research  been  conducted  in  the 
domaia  of  physiological  cliemistr}'. 


Methods  of  Extraction  of  the  Brain  I^rinciples;  their 
CompodtioUy  Constitution^  PtopertieSt  ^c.  ijvr. 

The  methods  employed  by  the  various  workcre  whose 
researches  have  been  summarised,  cozisisted  iu  processes 
of  extraction  by  such  solvents  as  ether,  alcohol,  water ; 
the  brain  matter  being  viirimisly  prepared  for  such 
treatment  by  previous  processes,  such  as  coagiilaiing 
the  minctd  brain  with  reagents  like  baryta  water  or 
acetate  of  lead.  Similar  methods  have  been  applied  by 
Thudichum,  and  to  a  lui^c  extent  they  a<lmit  of  variety, 
notably  since  we  know  better  the  properties  and  solu- 
bilities of   the   various  principles   which  exist  in  brain 

stance.  It  will  not  be  attempted,  tlierefore,  to  fully 
'fleacribe  all  possible  methods,  but  attention  will  be  con- 
to  the  most  direct  and  pnictieable  modes  of  pro- 
lure.  These  proceedings  will  Iw  butter  undertstood 
herciftcr  when  studying  the  nature  and  properties  of  the 
various  ingredients  of  brain  matter. 

The  bram  of  man  wdghs  from  3  to  4  Iba.,  while 
that  of  the  ox  weighs  on  the  average  356  grms.,  or 
from  12  to  IS  ounces,  and  has  an  average spedfic gravity 
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of  1034  to  1035.'     In  ThudicTium's  researehea  a  total  of^ 
nearly  2000  ox  brains  were  employetl  besides  a  large 
number  of  human  brains.     The  white  matter  of  huroiui 
brain  has  a  sjHJcific  gravity  of  about  1041,  while  that 
grey  maltha*  is  about  1034. 

Brain  matter  contains  from  80  to  90  per  cent,  water." 
a  fact  on  wlncli  Thudichuai  thus  comments :  *Tbis,  in  con- 
junction with  the  peculiar  manner  in  which  the  water  is 
contained^  engenders  u  mobility  of  ultimate  particles  withJD 
certain  limits  of  movement.  It  also  gives  penetrability  h^ 
diffusion  while  excluding  porosity  and  its  capillary  effects, 
by  which  means  a  ready  nutriliou  by  diffusion  in  one 
direction,  and  ready  cleansing  from  the  effete  crystall'isable 
products  ut'  life,  are  insured.  Oinseipiently  the  brain  as 
a  wliole  is  esseuiiaily  made  up  of  colloid  matter,  and 
may  be  compared  to  a  colloid  septum,  on  the  one  ade 
of  which  is  arterial  blood  and  cerebro-spiual  fluid  of  tli^| 
ventricles ;  on  the  other  side,  however,  is  cerebro-apinal 
fluid  of  the  arachnoidal  space  and  venous  blood.  It  foI^H 
low.-i  (roni  this,  that  the  large  umonnt  of  water  present' 
iu  tlie  bi-aiu  is  not  there,  so  to  say,  mechanically,  only  flke 
water  in  n  sponge,  but  is  cheiuically  combined  as  colloid 
hvdraLiitii  water,  or,  better  still,  water  of  coUoidation.' 

The  brauts,  after  removal  from  the  carcases,  ai*e  fir 
^ed  fitini   llic  arachnoid  and  pia-niatt;r   by  skitiuiuj 
t^Xcr  whioli  they  arc  cleansed  from  cltJi,  and  blood  by 
tcinporaiy  submersion  in  water,  :ih  much  as  jxtssible 
which  hiw  afvurwards  to  be  removed  by  means  of  85  p 
4X<uL  alcohol.     The  altx>hol  is  allowed  to  cover  the  brain 
luatlvr,   and  is  renewed   from   time  to  time,  by    whiel 

*  SM  '  M»iuolr  OB  Uie  Aetkio  of  Alculiol  oa  the  Uraln,'  bv  C,  T.  KJng-wtl 
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the  brain  is  hardened  by  deliydration,  the  nlco- 
!ic  solution  Wing  kept,  and  ultiinak-Iy  j'lelding  gome 
|>art  of  llie  water  fxtnicLives.  The  !)raiti  mutler  is  next 
reduced  to  a  pulp  by  means  of  n  mincing  machine,  and 
is  then  worked  into  a  [laate  with  85  |>er  cent,  alcohol  ou  a 
fine  hair  sieve,  tlirough  whieh  it  is  gradually  made  to  pass. 

I  Tlie  pjisty  mixture  thus  obtained  is  next  treated  with 
more  alcoliol,  and  heated  to  about  50*  C.  fur  some  time, 
and  is  then  filtered  through  a  cloth,  the  residual  matter 
being  extracted  again  and    again  to  nearly   jierfection. 

^Tbe  tUtimate  undissolved  residue  constitutes  the  albu- 
minous [>ari  of  the  brain  s\il>HtHnce. 

As  the  alcoholic  extracts  cool  they  deposit  a  white 

I  crystalline  and  granidar  precipitate,  which  Thudichum 
terms  iu  his  laboratory  *  white  mutter.'  Afler  fdtralaon 
from  this  sul)st«iicc,  the  mother  liquors  are  concentrated 

(by  distilhition,  and  on  cooling  again  they  deposit  a  semi- 
solid viscous  matter  designated  '  buttery  matter.'  By 
further  concentration  the  mother  liquors  from  this  de- 
[Ktsii  yield  a  more  limpid  substance  termed  *  last  oily,* 
but  this  has  practically  the  same  coin})ositiou  as  the '  but- 

'tcry  matter,'  and  will  be  considered  here  as  identical 
with  it.  The  ^nal  filtrate,  freed  from  alcohol,  contains 
ihe  re«t  of  the  watery  exinictivcs  of  bnun  sulwUmce.     In 

tthis  way  the  brain  is  split  up  into  its  albuminous  fram&> 
■work  ;  cerlaiu  deposits  conlaiuing  its  other  immediate 
principles  in  admixture ;  and  those  conatituent8  which  are 
extracted  by  water.      These   priuciplea  comprise  three 

jclaasCA  of  i)ho5phori.>jed  and  uitrogcnoua  fats — tJie  kepha- 

[liDca,  myeUues,  and  Icciihine — together  with  cholcsterine 

[nnd  tt  group  of  nitrogenous  subsumccs  (cerebrinea)  [wr- 
laking  m  part  of  the  chanicLer  of  glucosidcs. 
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To  separate  and  isolate  these  various  principles  a 
uumber  of  processes  may  be  adopted,  but  the  foUowuip 
one  is  preferable,  as  being  applicable  alike  to  the  so- 
called  *  white  matter "  and  '  buttery  maltcr,'  which  are 
identical  otherwise  than  that  they  contain  relatively  dif- 
ferent amounts  of  the  several  ])rincipleB.  ^ 

They  are  first  of  all  extracted  with  ether,  which  ftip-^ 
nishes  a  reddish-eolourcd  solution  of  a  fluorescent  cha- 
racter, and  leaves  an  insoluble  white  pulverulenl  masspoofl 
sisting  mainly  of  the  cereljrinea  and  myelines,  which  may 
be  separated  to  some  extent  by  fractional  rwryslalUsation 
from  hot  alcoholic  solutions,  or  by  fractional  precipitation 
from  alcohol  with  such  solutions  as  alcoholic  lead  acetate 
imd  cadmic  ehloride.  The  ether  solution  contains  the 
kephalines,  together  with  cholesterine.lecithine,  audsorae^ 
smaller  quantities  of  the  other  principles  rendered  solubl 
by  means  of  those  here  raentioued. 

By  treating  the  ethereal  solution  with  an  equal  volume' 
of  absiiliite  alcohol,  the  kephalines  are  precipitated  in 
eompara lively  pure  condition;  to  render  them  quite  pi 
processes  arc  applied  which  will  be  described  hereaftor. 

The  mother  liquor  after  the  kephahnes,  is  distilled 
rid  it  of  the  ether  and  some  of  the  alcohol,  and  on  cc 
ing  it  deposits  a  great  part  of  the  irholestcrine;  if  the 
lillalion  be  carried  further,  lecithine  is  thrown  down 
an  oily  body  admixed  with  some  cholesterine,  and  reinnii 
in  solution  when  the  deposit  is  reeryslailised  from  alcohol.^ 
It  may  be  precipitated  out  of  the  solution  by  an  alcoliolii 
solution  of  cadmic  chloride,  a  method  which  may  be  a( 
plied  to  the  alcohoHc  mother  liquor  in  which  the  dep<^sitioB 
of  lec-ithiue  has  been  intentionally  avoided.     The  cadmi< 
chloride  aiilt  thus  obtained,  'm  not  pure ;  it  contains  mi 
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^phaline  salt  (which  may  be  extraclcd  by  ether)  and 
Utile  myelitie  salt,  which  is  more  difficult  to  remove. 
The  solution  resulting  after  the  separation  of  the  cadmic 

rfaloride  precipitate  by  filtration,  yields  a  further  qutintily 
f  cholesteriue  when  it  ia  distilled  to  a  lower  bulk. 
When  the  operator  is  sufficiently  acquainted  with  the 
characters  of  these  various  substances,  it  is  possible  to 
I    vary  very  considerably  the  methods  of  separation,  more 
BespeciHlly  when  it  is  desired  to  isolate  uuly  one  particular 
Hprinciple.     Some  of  these  methods  will  be  described  in 
the  several  sections  treating  of  the  indiWdual  prmaplea 

■of  brain  matter. 
The  process  above  described  is  represented  diagram- 
malically  on  the  uext  page. 

Another  process  for  the  separation  of  tlie  principles 
mUiined    in    *  white    matter,'    '  buttery    matter,'    and 
I' oily  matter,'  is  as  follows: — 

They  arc  extracteil  with  cold  absolute  alcohol,  with 

[die  view  of  dissolving  as  much  lecithine  with  as  Utile 

[fidmixcure  as  possible,  and  the  alcohoUc  extract  exposed 

[to  a  freezing  mixture,  by  which  means  some  myeUne 

dcpositetl,  after  whicli  it  is  concentrated  by  distillation 

remove  by  dejKwition  on  cooUiig,  as  much  kephaline 

18  possible  (with  myeUne),  and  is  then  precipitated  with 

alcohoUc  platiiiic  chloride,  and  the  voluminous  yellow 

precipitate  extracted  with    ether.      What  dissolves   is 

mainly  lecithine  pladnum  salt,  while  some  myuUne  suit 

remains  undissolved. 

The  matter  left  undissolved  by  the  cold  alcohol  is 
extracted  by  ether,  which  removes  the  kephalincs,  cbole- 
eterine,  and  some  myehne,  and  leaves  insoluble  the 
cercbrines  with  some  uiyeline.     These   latter  may   be 
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separatcJ  by  extraction  with  cold  benzene,  in  which  the 
cerebrines  are  insoluble,  or  by  extraotion  with  hot  ether 
until  the  residual  matter  (cerebrinea)  is  free  from  phos- 
phorus. From  the  etliereal  suhilions  on  cooling  (aided 
"by  freezing  mixtnre)  the  myelines  are  deposited,  and 
what  remains  in  solution  is  obtained  on  distillation.  The 
kephaline  solution  is  treated  as  described  iu  the  6rst 
method  previously  sketched. 

This  process,  sketched  diagrammatical] y,  may  be  tlius 
represented : — 


•Wnrr*  Ux-nBii.-  ■BrrmiiT  lljLmn.'  'LjUTOtUt,* 
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nond  (ooMMlait  of  nyvUso 
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'The  *  white  matter  *  contains,  as  the  predominating 
constituents ;  cerebrines,  the  myelines,  and  eholesterine ; 
the  other  matters  are  also  contained.     In  the  '  buttery 

^natter '  the  predominating  principles  are  the  kcphalines ; 

^Utt  again  the  other  matters  arc  present  in  niort:  or  less 

Amount ;    while  in  the  '  last  oily,'  Iccithiae  is  the  meet 

_ftbundaQt  constituent. 

B  As  already  explained,  these  terms,  '  myetines,*  *  kc- 
phalines,' '  curebrines,'  &c.,  have  reference  to  a  number 
)f  well-defined  substances,  presented  in  groups,  but  com- 
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prising  membera  of  individual  characteristics.     The  de^ 
acription  of  them  which  will  be  given  presently  will  thrc 
much  liglit   upon  the  various  methods   by   which   tin 
admit  of  isolation  hikI  separiition  from  ench  other. 

It  is  proposed,  firsts  to  study  group  by  group,  aD( 
member  after  member,  until  the  whole  of  them  shalJ^ 
have  been  described^  including  those  bodies  which,  nH 
their  conjoint  csi&tcnce,  constitute  the  *  watery  extrac- 
tives '  of  brain  matter  ;  this  done,  it  wilt  be  ca^  to  pt 
on  to  general  ohcmityil  considemtiona  affecling  the 
as  a  wl\oIe,  in  health  or  disease. 

The  Albuminoid  Principles  of  the  Brain. 

These  require  but  little  description,  because,  so" 
as  they  have  at  present  been  studied,  they  present  but 
little  diiTerence  from  the  albuminous  constituents  of  the 
body  iu  general.      They  seem  to  comprise  a   certaio 
quantity  of  soluble  albumin,  but  the  greiit  maae  is  ii 
soluble  iu  water ;    it  is  also  insoluble  in   the   varioi 
solvents  which  have  been  described  while  sketching 
manner  In  whicli  the  various  principles  may  be  isolated. 


7%e  Phospkorised  PrinctpSe.9. 

This  group  includes  kcphalinc,  mycHnc,  and  lecitliint 
and  any  varieties  of  theat;  substiuices. 

They  all  dissolve  in  water  '  in  a  certain  manner  au( 
measure'  (Thudichum).  Kephaline  appears  to  be  th« 
most  soluble,  and  myelin  the  least  stjluble. 

Kephaline  dissolves  iu  ether  aa  ruadily  as  butler,  and^ 
lecithine  almost  as  easily;  the  solubility  of  myeline  iuj 
ether  is  uot  great. 
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On  the  other  hand,  myeline  is  readily  soluble  in  hot 
^alcohol,  and  fcephaline  uot  nearly  so  soluble  ;  lecithine  is 
even  more  5i}lubk>,  both  in  hot  and  cold  alcohol,  than 
myeline. 
H  All  these  principles  contain  carbon,  hydrogen,  nitro- 
gen, pliosphorus,  and  oxygen,  and  all  may  be  regaided 
as  buiit  upon  a  common  type.  They  differ  only  in  certain 
aubsidiary  radicles,  and  may  be  represented  as  glycero- 

phosphorit;  acid  : — 

10HC«) 
C,hJou  (ft) 

)  0H(OPO)0II, 

or  CjH,PO„  in  which  the  two  hydroxyls  (a  and  b)  are 
substituted  by  the  residues  of  fatty  acid*,  while  one  of  the 
hydroxyls  of  tlie  phoaphoryl  ia  sulwlitxited  by  an  ammo- 

•nium  basc.^ 
The  glyccrophosphoric  acid  being  itself  a  derivative 
of  glycerine,  it  will  readily  be  perceived  that  these  phos- 
phoriscd  principles  [Ki^ess  a  wide  nuige  of  chemical 
affinitieei ;  thus,  in  a  certain  manner  they  are  fats,  and 
exhibit  certain  aoapy  clmnictera;  they  are  also  acids, 
and  at  tlie  same  time  tliey  are  bases;  wliile,  again, 
certain  ]>ropertit's  a^iainulate  them  to  the  alkaloids. 
^I^hudichuni  and  Kingzctt  have  sliown  tliat  the  glyccro- 
phosphoric acid  yielded  by  all  of  them  is  one  and  the 
Hune  sul>6tan<:e ;  the  same  is  true  of  the  ammonium 
base  ;  it  is  therefore  only  in  the  natiurc  of  the  fatty  acid 
radicles  that  they  differ  one  fmm  the  other  Jn  their 
amplest  forms — that  is,  when  they  may  be  viewed  as 
being  derived   from  an   unitary  molecule  of  glycerine. 

re  more  complex  comiwunds  seem  to  bo  derived  from 
■  On  Gt}/e.froyhw^onc  Acid  and  its  StJtt,  ^.,  by  Tbudiclitin  Uld  Kiog- 
Mtt;  /.  aum.  Soe.  Jul;  187U. 
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coDJugaud   molecules   of  glycerophosphoric    acitl, 
heuce,  while  their  general  structure  remains  const 
wider  (lifliircnceH  are  presealed  ia  iadividuaHLies. 

As  these  pho«i)horised  principles  exist  in  bpun 
matter^  and  as  isolated  therefrom,  they  are  associated 
with  certain  salts  l>y  a  jwwer  of  combination  derived, 
as  already  explained,  fi-uin  their  alkidoidal  nature.  To 
obtain  these  salts  or  bases  it  is  only  necessary  to  dis^ 
solve  the  conipouuds  in  water,  and  to  precipilaLe  i^^M 
organic  principles  by  dilute  hydrorliloric  acid.  The 
hydrochloric  acid  solution,  on  esatuination,  is  found  to 
contain  calcium,  magnesium,  and  phosphoric  acid  in 
quantity,  as  well  as  potassium,  sodium,  and  aminuiiiui 
while  traces  of  iron  and  copper  are  also  generally  prcs 

Commenting  on  kephaline,  Thudichum  speaks  of 
as  remarkably  oxidisable  ;  but  this  is  a  property  by 
means  thoroughly  made  out ;  whatever  teuduncy  it  ml 
exhibit  to  undergo  oxidation  must  reside  in  the  nuclei 
of  whicli  we  shall  have  more  to  say  hereafter — (he  fat 
acid  containing  about  26  (?)  atoms  itf  carbon  ;  the  otl 
nuclei  cannot  be  said  to  be  oxidisable  centres. 

While  myelines  are  particularly  stable  bodies,  tt 
thine  is  equally  as  unstable,  and  splits  up  most  readij 
into  its  proximate  nuclei. 

All  the  phosphorised  principles  of  brain  matter 
with  strong  sulphuric  acid  and  sugar  the  violet  reactk 
described  in  another  chapter  aa  *  Pettenkofer'a  reaction, 

KephaliM  (C^H^^NPOi,). 

may  be  purified  U>  some  extent  by  its  repeated  solutiof 
in  L'ther  and  reprecipitation  by  absolute  alcohol,  but  thia 
method  do^  not  furnish  it  free  from  inorganic  priuciplt 
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with  which  it  appears  to  tuciat,  at  U'jisI.  partly,  in  combi- 
nation in  the  natural  state.     Of  this  combinative  power 

I  we  shall  Uave  more  to  say  preiieutly.  To  rid  kephalUie  of 
these  mattere,  it  is  best  to  dissolve  it  in  water  (10  gnns. 

/to  th<;  iitrt')  ninl  after  deposition  of  any  insoluble  matter, 
to  filter  the  emulsive  solution  and  precipitflto  it  with 
hydrocMoric  acid.     In  this  way  an  insoluble  hydrochlo- 

irate  is  produced,  wliicli  admits  of  waslunjr  to  some  ex- 

Itent;  if  washed  with  a  great  exce&s  of  water  the  hydro- 
chloric acid  is  removed  from  combination  and  tbe  free 
kephaline  again  dissolvea  in  the  water.  This  re-solu- 
tion is  indicated  by  a  preliniinar}'  swelling  of  tbe  sub- 
stance, and  when  this  happens  the  kepiialine  sliuuld  be 
taken  up  once  more  with  ether  and  reprecipitated  with 
alcohol.  In  this  way  it  may  be  obtained  perfectly  pure, 
and  then  presents  a  compositiou  represented  by  the 
formula  ajI^^NPO,,. 

KophaiitiL',  when  recently  precipitated,  dissolves  slowly 
in  cold  absolute  alcohol  (about  7  grms.  to  the  120  c.c), 
and  somewhat  more  freely  in  bailing  alcohol.  In  ether 
it  dissolves  to  almost  any  extent,  and  the  reddish-coloiured 
solution  .shows  a  jrowerful  green  fluorescence;  it  is  also 
soluble  in  benzene.  Its  aqueons  solution  is  precipiuiblc 
by  almost  everj'  reagent,  including  acids,  bases,  and 
sails,  but  by  washing  with  mucli  water  these  latter  may 
be  almost  entirely  removed,  when  the  kephaline  begins  to 
swell  and  itfterwards  dissolves. 

Kephaline  itself  is  a  colloid,  and  thus  it  admits  of 
partial  puiiBcation  by  dialysis. 

When  ita  ethereal  or  alcoholo-ethereal  eoluUou  is  pre- 
dpitated  with  an  alcoholic  solution  of  cadmic  chloride  or 
State  of  lead,  the  bodies  so  obtained  are  not  delinitc 

us 
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in  composition ;  that  is  to  say,  neither  the  cadniic  chlurit 
or  leiul  are  present  moleciJi;  for  molwnile  with  the  kephs 
line,  but  are  variable  in  amount.    These  salts  are  also 
soluble  in  ether  and  repreci  pi  table  by  alcohol. 

When  the  catbniuin  salt  in  ethereal  solution  is  treate 
with  sulphurettetl  hydrogim,  no  predpitiitJon  occurs,  but  a 
yellow  solution  is  formed  from  which  a  new  class 
mercapton-like  bodies  may  be  isolated. 

When  an  siqueons  solution  is  precipitated  by  a  solution 
of  phitinie  cldoride  acidified  wi(h  hydrodiloric  acid,  the 
light  flocculent  matter  thus  obtained  is  of  a  yello^H 
colour,  and  contains  these  substances  in  combination  iD^ 
tlic  relative  proportions  expre-ssed  by  SHCIiT'tCi,,  but  the 
two  together  bear  no  definite  relation  to  the  molecule  of 
kephaline,  and  for  tlie  reason  already  stated,  nauiely,  that 
the  water  of  the  reagents  employed  is  sufficient  to 
or  entirely  remove  the  precipitants. 

By  boiling  with  strong  alkalies,  such  as  soda,  pot 
and  bai7ta  water,  kephaline  i^  d«:omi>ostid,  yielding 
barium  salts  of  certiuu  fatty  at-'ids  insoluble  in  water,  anc 
an    alkaline  solution   containing  glycerophosphoric  add 
and  an  ammonium  base  which  is  liable  to  partial  decoa^^ 
position,   yielding   Irimethylarnine.      Boiling  with  acids   " 
effects  a  similar  dccomposidon  although  more  slowly,      ^m 

When  baryta  is  employed,  the  salts  of  the  fatty  aci)^^ 
thus  obtained  may  be  separated  to  some  extent  by  etlier, 
which  dissolves  a  tlark  coloured  brownish  red  salt  and 
leaves  an  almost  white  salt  behind.  This  insoluble  sa|fl 
appears  to  consist  of  crude  stearate  of  baiium,  l)ut  the 
composition  of  the  .soluble  one  has  not  yet  been  clearly 
made  out.  The  acid  is,  however,  apparently  related 
certain  biliary  8ul>sCances. 


DKCOMPOSmo.V   OF  KEPIUUNE. 


2»3 


From  the  bfirytii  soluliou  the  glyceropliosphoric  acid 
'inay  be  extracted  by  vurioxis  raethods,  one  of  the  best 
,of  wliich  consists  in  precipitation   with  a  salt  of  leadv 
Buapetutioit  of  the  lead  salt  in  water,  and  decomposition 
with  Ijytlrosulphuric  acid.     The  motlier  liquor,  after  the 
glyccropliosphat€  of  lead,  yet  contains  the  amraoniiim 
base  whioli  may  be  obtained  after  removal  of  the  exceas 
of    lead,   by   concentration,  neutral isjit ion   with   hydro- 
chloric   a<'i(I,  and   prt;cipitation   witli   alcoholic  platiuic 
chloride.      Or  it  may   be  isolated  from   the  solution 
jy  means  of  Sonneuacheiu's  method,  employing  phos- 
)homolybdate  of  sodium,  decom^MKiitioti  of  the  precipitAlc 
HIS  obtained  with  baryta,  conversion  intoliydrochlorate, 
tud  precipitatiou  as  platimmi  salt. 

After  reciystallisation  from  water  the  platimim  salt 
)rcsents  a  comiiosition  exnetly  represonled   by  the  for- 
mula 2(C»U„NO)2IICl,PtCl4 ;  at  least  this  constitutes  the 
main  product.    Two  other  ba-ses,  pn>biibly  derived  from 

Ills  one,  are  sometimes  obtained,  and   these   will    be 
escribed  later  on. 
By  the  addition  of  the  substances  :— 


Stearic  •cid f^nTT^Oi 

Olyceropho^horic  acid        ....      C,H,l*Og 

hum c,n„RO 


Wo  obtun 


c^n»,KPo, 


^^encc,   without  taking   into    considuration    the    water 

^■tssimjlated  in  the  decomposition    which  furnishes  these 

^ptroducts,  it  appears  that  the  acid  whose  nature  has  yet 

to  be  ascertained  contains   !C  atoms  of  carbon  to  tlie 

kolofiule  (?).      If  not,   then    the  formula  of  kcphaline 
ould  have  to  be  doubled  or  otherwise  increased. 
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The  composition  of  kephaliue  may,  therefore,  for  tlie 
time,  be  regarded  as  follows : — 


f,n. 


f  Ffttty  acid  wdide  (a)  > 


o.,H..n. 


In         H         »»       V' 
HO(OPO)t;.H,^0. 


(6)  =  uiidetenniii«d 


Thiidiclium  has  given  analyses  which  iii  Jiis  opinic 
support  the  idea  of  (he  existence  of  bodies  heluugitig 
the  kephaliue  clasr*.  of  the  formulae  CuHnJiTO,,  ai 
C^HtbNPOu  ;  also  ainido-kephalin,  CuUmNjPOjj,,  but  oi 
personal  association  with  these  substances,  supplement* 
by  more  recent  knowledge,  does  not  lead  us  to  accept 
the  theory  of  Thudichiua.  At  any  rate,  before  their  es^ 
istence  can  be  accepted  without  doubt,  more  decideo^ 
proofs  must  he  forlhconiiug  than  have  yet  been  furniahc 

Thudichnm  assigns  the  name   *kephaline'    to 
princi]ile  funiislied  by  the  crude  product  termed  *  white 
matter,'  while  to  that  fiirniahetl  by  *bultery  matter* 
gives   the  name    'kephaloidinc';    they   are,  however7 
identiea!  in  (.'oiniinsition,  and  only  differ  in  certain  phjai- 
Cid  eliaracters,  probably  depending  upon  the  presence 
associated  substances,  &c. 

The  Myeline^. 

The  name  *  myelines '  is  given  by  Thudichum  to 
number  of  allied  principles  diHtin{i;uif'habIe  from  kepha- 
line  and  lecithine,  as  already  pointed  out  in  dcscriljiup  the 
methods  employed  to  sepurat*;  the-se  vurioua  substimccs. 

They  must  not  be  confounded  with   the  substance 
described  by  Virchow,  which  was  uecessarily  a  uiixti 
of  various  substances. 

The  myelines  crj'stalli.se  from  alcohol  in  needles 
granules,  which  remain  white  and  |x>wdery  on  dryii 
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un<lcr  other  conditions  they  exhibit  a  tendency,  while 
drying,  to  csike  into  a.  hard  waxy  traiispureut  state. 
'       The  myeUnes  dissolve  in  water  after  the  manner  of 
kephahne,  but  not  to  so  large  an  extent. 

The  aJt^oliolic  solutions  are  preclpitable  by  such  salta 
as  acetate  of  lead,  platiuic  chloride,  and  cadmic  chloride. 
The  ethereal  solutions  deposit  part  of  the  matter  held 
>Ivod,  when  subjected  to  a  process  of  freezing. 
The  cadmic  chloride  combination  swells  when  placed 
water,  and  is  broken  up,  the  cadmic  chloride  pa^ng 
into  solution ;  it  is  soluble,  moreover,  in  bolUiig  alcohol, 
[but  insoluble  in  ether. 

The  mixed  platinum  salts  admit  of  some  kind  of 
'Boparatiun  by  boiling  with  alcohol,  when  a  part  dl&solves 
and   is  reprecipiLsited   on   cooling,   while  anotlier  part 
remains  undissolved. 

i  When  the  platinum  and  lead  salts  arc  suspended  in 
hot  alcohol  and  subjected  to  a  current  of  sulphuretted 
hydrogen,  the  metals  are  precipitated  as  sulphides,  and 
the  fi-ee  principle  is  dissolved  by  the  hot  alcohol  which 
^deposits  rnyeline  aft«;r  filtration  and  subsequent  cooling. 

By  virtue  of  their  relative  insolubility  in  cold  ether,  the 
[jnyelines  admit  of  ready  separation  from  kephalme,  and 
lecithine  may  be  removed  from  it  by  cold  absolute  alco- 
[hol,  after  winch  llu-y  may  be  purified  by  uny  of  tlie  methods 
jtofore  desciibed.  The  cerebrines  being  almost  in- 
ible  in  boiliugether,  the  myeliues  may  be  isolated  from 
Buch  admixture  by  taking  advantage  of  tliis  circumstance. 
Variona  so-called  myelines,  having  general  pix>- 
perties  in  common,  have  been  described  by  Thudichum ; 
these  include  bodies  represented  by  the  empiric  fonnulie, 
SVO,i  C«,H:^PO,o;  C„HmN,PO„:  C„U,o,N,PO,; 
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C„H„NPOs ;    C3,H„,N,P0, ;  and   among  ih*;  conapoirndBj 

of  these  principles  are  salts  of  lead,  such  as  C*  JIisrbNPO,, 
also  of  platiiiuni  and  cadmic  chloride. 

Many  of   these  formula  are  derived    by    calcule 
tion  from  lai^er  molciulea;  for  instance,  the  substance 
(^uoI^ui^ft^iOM  is  reprcseuted  by  Tbudichum  as 

c«,n.,N,.po. 

Again,  we  have  the  compound  Cg,TT,MNaP)0„  4  2( 
represented  as 

C„H,^%PO.CdCl,j 

But  without  multiplying    formulae   to  any  uni« 
extent,  it  will  be  best   ty  study  the  decomposition 
some  of  these  principles,  and  as  the  last  named  one  he 
been  most  pjirticularly  investigated,  our  attention  may 
confined  to  it. 

In  this  way  a  gimeral  insight  into  the  composition  an^ 
con.stitution  of  these  subslances  will  be  afTorded. 

Before  doing  this,  however,  we  may  call  attenlioi 
once  more  to  the  discovery  of  Thudichum  and  Kingzet 
of  one  of  the  rayeline  princijites  ])rcsent  in  blood  cot 
pnscles,  whose  oompoaitinri  was  sliowu  to  be  identi( 
with  one  of  tlip  bniin  cooipoimuLs.  (See  Cha]>ter  on  th( 
'  Chemistry  of  the  Blood.') 

The  body  of  the  compo«tion  CmH,c4N,F30,s'^CMC!,  is 
one  obtained  direct  in  the  processes  of  eslractiou  of 
brain  matter  above  sketchetl.  It  may  be  freed  from 
cadraic  chloride  by  standing  in  contact  witli  renewed 
quantities  of  water,  when  it  swells  greatly  and  yields  the 
whole  of  this  salt  to  the  water.     On  boiling  the  product 
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■with  baryta  water  in  an  open  dish,  it  was  split  up  into 
palmitic  add  (CigHajOj) ;  a  niiw  acid  whose  barium  and 
lead  salts  were  soluble  in  ether  (perhaps  of  the  com- 
position CjgH^O^),  glycerophosphoric  acid,  and  the  base 
CjHijNO ;  several  other  prodiiote  were  simultaneously 
obtained,  the  principal  one  being  represented  by  the 
formula  CmUuhN^'O,.  This  was  subjected  ta  further 
cliemolysis^  with  baryta  water  iu  a  sealed  tube  at  ISO^C, 
and  yielded  more  palmitic  acid  (C,aU„0,)  and  the  body 
CmH„NPO»,  as  the  only  products,  thns : — 

In  recapitulation  of  these  results  it  may  be  said  that 
under  the  name  of  rayelines  Thudichum  iucludea  a 
number  of  substances  which  appear  to  have  the  same 
general  structure  as  that  above  assigned  to  kcphahne ; 
that  is  to  say,  those  included  in  this  description  yield 
glycerophosphoric  acid,  and  the  base  CtII„NO ;  they 
also  yield  palmitic  acid,  by  which  they  are  chariiclerised, 
and  a  new  add  having  somewhere  about  2(1  atoms  of 
carbon . 

It  aUo  appears  that  certain  molcculfir  combinationa 
exist  which  are  not  so  readily  broken  up  by  proeefscs  of 
hydrution,  and  among  these  the  body  C„C„NPO,  is  pro- 
minent. It  i-s  impossible  to  say  yet  in  what  state  the 
nitrogen  of  this  substance  exists. 

In  brief,  these  processes  of  decompoation  require 
much  more  study  before  final  and  definite  statements 
may  be  made  and  accepted. 


1  Thutlic-liiiin  \mm  tl>«  word  '  ch»rool jiui '  U>  iodiost*  tlio  dit«ct  dseom- 
[  podttofl  of  Wliee  tato  tbeir  proximate  nueloi. 
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Brain  Lecithine. 

The  platinum  chloride  combination  of  lecithine  is, 
when  recently  prqmred,  soluble  in  etlier,  but  if  kept  for 
any  time  in  the  air  or  in  the  vacuum,  it  decomposes, 
oleic  add  being  set  free  iu  oily  drops;  the  residual 
phitiiiuTu  salt  is  then  insoluble  in  ether.  ^1 

When   the   platinum    salt  is  boiled  with  hydratin^^ 
ageuts  such  as  baryta  water,  it  is  decomposed,  yielding 
glycerophusphoric  acid,   the  base   CjHjaNO,   apparently^ 
margaric  acid,  C]tHmO,,  and  oleic  acid,  CgHaiOj.     Fro 
these  results  a  constitution  may  be  assigned   to   bn 
lecithine  as  follows  : — 

(01I(Ul'0)0»ir„NO;  or  a  tytnl  of  C«H„NPO,. 

Strecker  flssij;iied  the  formula  CuHmNPOu 
leclthiue,  and,  excepting  that  he  obtained  jialmitic  in  th^^ 
place  of  raargaric  acid,  and  a  base  which  he  regarded  afll 
CjiliflNO,  instead  of  CaHijNO,  this  substance  is  identical 
with  that  obtiiincd  from  brain  matter. 

It  will  be  shown  hereafter  that  Strcckcr  was  probably 
in  error  iu  assigning  the  given  formula  to  the  ammonium 
Ijase,  and  further  researches  are  required  before  it  <'iin 
absolutely    decided  whether  the   second   fatty  acid 
palmitic,  margaiic,  or  steaiic  add ;  the  iirat  one  is  ud-. 
doubtedly  oleic  acid.  ^M 

The  general  clmracters  of  lecithine  are  similar  to 
those  of  myeline  and  kephaline,  but  certain  broad  dis- 
tinctions are  visible;  these  have  been  suffiriuntly  point* 
out   in    treating  of    the    other   phosphorised   prim 
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and  while  describing  the  methods  employed  to  isolate 
them. 

Gli/eerophospkoric  Acid  and  its  SaiUi.^ 
Glycerophosphoric  acid  was  first  synthetically  pre- 
pared by  Pelouze  by  heating  glycerine  and  phosphoric 
^ocid  together  at  au  elevated  temperature.  Gobley  shortly 
afterwards  obtained  it  fronfi  egg  lecitliine,  aud  subse- 
quently Lehraann  observed  its  presence  in  dwcasetl  brain 
matter.  Tluidichiun  iind  Kingzott's  obseivatioiis  regard- 
ing glycerophosj>horic  acid  were  made  u|X)n  tliat  which 
results  from  the  decomposition  of  the  phosphorised 
brain  principles  which  have  just  been  studied.  Xhcy 
describe  the  nonnal  lead,  CUtPbrO, ;  the  normal  cal- 
cic salt,  CHjCaPOg ;  furtlier,  what  is  probably  an  acid 
calcium  salt,  of  the  formula  QiKjCaPOoAUvPOa ;  also 
the  barium  salt,  C,lI;BaPOa,  and  a  hydrate  of  this, 
CH;BaPO.H,0.  What  is  more  curious  is  the  body  which 
f  the  authors  describe  as  an  alcoholo -hydra ted  barium  gly- 
cero]>hosphate,  that  is  to  say,  a  body  which  is  at  once  a 
hydrate  and  contains  alcohol  in  place  of  some  water  of 
crystallisation  ;  it  may  be  C,HiBiiPO„0H,O,3C,II«O. 

The  most  characteristic  salt  is  that  of  calcium,  which 
^  being  less  soluble  in  the  hot  than  in  iht;  cold,  is  conse- 
I  quently  deposited  when  its  saturated  solution  is  heated 
to  boiling.  The  barium  salt  shares  this  properly  to 
some  extent.  The  free  acid  is  somcwliat  unstable,  and 
is  by  the  prolonged  action  of  alkalies  in  excess,  split 
up  into  glyct'rine  and  phosphoric  ocid  ;  hence  it  results 
that  when  the  brain  principles  are  decomposed  by  baryta 

'  On   (7/yevn)fiA«^«i0  AdJ  and  iU  Satl*,  a»  ttitmttcd/rom  tite  PHot' 
pUriMi  a>iMtifHemi$  of  lAe  Brain.  J. L.  W. Tlitulichum  Molii.  T.KitignU; 
C%im.  Soc.  Julv  IS70. 
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water,  the  theoretical  amount  of  the  acid  i:i  not  obtuncd, 
more  or  less  being   ducompoaed  into   the  afore-named 

substances. 


Neurine  and  Allied  Bases. 

It  h(i3  already  been  shown  that  Liebreich  obtained 
from  the  brain  a  base  aoluble  in   alcoliol,  but  which 
lie    did  not   examine  in  detnil.     Diakonow  aflerwartls 
gave  to   it   the   formula  C,H,jI^O„  and  called  it  neu- 1 
rine  or  trimethyl-oxacthylamroonium   hjrdroxidc.     TKct 
body  which  Strecker  obtained  '  from  egg-yolk  was  con- 
sidered by  him  identical  with  this  substance,  and  also 
with   choline   derived  from   bile   (see  Chapter  on    the 
'  Chemistry  of  Bile  ').     He  did  not,  however,  subject  his 
preparation  to  complete  analysis,  but  only  estiinat«d  the 
platinum  and  the  chlorine      Tlic  base  obtained  in  Thudi- 
chum'a  researches  upon  brain  matter  is  evidently  the  same 
substance  and  whose  hydrocrhloride  phitmic  chloride  com- 
bination presents  a  com[>osifion  invariably  reprcsentetl  by 
the  formida  2(CsH„XO)2HCi,rtCl4;  at  tlie  same  time 
may  be  observed  tliat  different  crystalline  forms  of  th 
compouud  are  obtaJuable,  even  while  the  compofii^ 
appears  to  be  uniform. 

Thudichiiin,  writing  of  this  compound,  says,'  *  Tlie 
formula  ofCoHnNO,  is  ralher  preamnwl  than  proved  a^ 
regards  llie  exact  (quantity  of  hydro^^eu  and  oxygen,  for 
if  the  HOI  were  like  the  PtCI^,  merely  an  addilicm,  then 
the  formula  of  the  free  base  would  be  CoU„NO  ;  but  if 
the  chloride  were  a  product  by  substitution  of  hydroxyl 

'  Htp.  Mr4.  Of.    New  Sertw,  N«.  Tiii.  p.  127. 
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by  CI,  and  expulsion  of  the  hydroxy!  as  11,0,  thea  the 
[larger  fonnula  for  the  free  budy  would  Ixj  correct' 

In  some  critical  notes'  on  these  bases  I  have  ob- 
ted  to  this  view  of  Thudichum,  and  maintain  that  ifae 
ree  base  when  derived  irvm  bruin  matter  has  undoubt- 
edly the  formula  CftUj^NO ;  of  the  substitution  which 
Thudichum  seems  iacliued  to  favour  there  is  no 
I  evidence  whatever.  It  ia  quite  posaible  that  a  hydrate, 
CbHisKOiH^O,  may  exist.  Thudichum  also  obtained  two 
secondary  biuies  evidently  derived  by  a  decomposition  of 
the  primary  one  (CiHuNO),  and  tlieir  platinic  combiua- 
tioas  had  the  formulas 


I  and 


(.a)  3(O,H^O)2HOl,Pt01, 
(J)  C»H„N,0JICl,l'tCl4 


[or  as  dimethylamiue  hydroxide 


I     The  first  of  these  raay,  perhaps,  be  regarded  as  oxethyl- 
H  amine — 

H  0,H.O 

^^r  at 

The  relation  of  the  second  base  to  the  two  others  is  not 

80  clearly  perceptible. 

In  ginug  ft  sketch  of  the  literature  relating  lo  brain 
'chemistry,  we    have  already  alluded    to  the   labours  of 

Baeyer,  who  also  obtained   the  compound  2(CoII,,XO) 
i2HCl,PtCl4  among  others;  his   results  were  supported 

and  confirmed  by  those  of  A.  W.  Ho&uaun  and  Wurta. 

'  PIflrm,  Joam.  uid  TVatia,  JniM  0,  1677. 
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Ilamack  '  has  found  in  the  red  fungus  wbich  yields 
muscarine  (said  to  be  isomeric  with  betaiDe)  another 
alkaloid    wliich    lie    terms  amanitine  and    regards 

^,  f{OH,>. 

N  -^ciTon-cn, 
Ion. 

In  another  paper'  Schmiedebei^  and  Hamack  atas 
that  choline  or  ncurinc,  sinkaliue,  and  syulhelically  pre-"' 
pared  hydrox-etliylentriincthyl- ammonium  are  identical, 
and  all  yield  muscarine  upon  oxidation.     To  this  latter 
subetance  they  as^'ign  the  formula  CtHjjNOj ;  or 

N  i CHOH-CH 

I  OH, 

and  state  that  it  forms  the  compounds 

C\n,BN0„2HCl,PtCI,  +  211,0, 

and 

O^IT„NO„HCI,PiCl,. 

Muscarine  is  hence  said  to  be  identlcid  with  betaine,  and 
yields  with  silver  oxide  the  hydroxide  CHw^O,. 

N  \  0,II»0, 
I  OH. 

The  oxidation  of  choline  and  its  so-called  isomc 
into  muscarine  is  not  effected,  according  to  Schmiedel 
and  Ilarnnck,  by  means  of  the  milder  oxidants  such 
potassic  ]>ermanganate  or  chromic  acid,    but    reqi 
strong  nitric  acid  and  evaporation  therewith  to  dr3mes8r 
This  is  the  more  remarkable  since  tlic  only  empirical 

>  Om.  Cm:r.  3H75,  620-630. 

'  Ardue.  fur  ExpaimmtiiU  Pathologie  u.  PlMrmakdoffie,  voL  tL  p.  lOL 
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difTerence  presented  by  nmaiiitiue  and  muscarine  is  Hj. 
Thus. 

IAmnnitino ^     GjH,,NO, 
Muscarine =     Cj,ir„NO,. 


Besides  therefore  the  improbability  attached  to  the 
formula  which  the  authors  in  question  use  for  choline, 
this  remarkable  fact  regarding  oxidation  and  otlier  coti- 
aiderations  causes  considerable  doubt  to  be  attached  to 

t  conclusions  of  Haraack  and  Schmiedeberg. 
It  should  be  remerabenMl  that  betaine  has  been  con- 
cted  synllietic^lly  by  Peter  Gricss,'  who  regards  it  as 
triiaethylglycocine,  CiU,{CH,)sNC\,  or  C,H,iNO,.  Heob- 
taiaed  it  by  acting  upon  gljcocine  in  alkaline  solution 
with  methyl  iodide,  and  altliough  it  may  be  identical 
with  the  bctaine  obtained  from  beet-root  by  Scheibleis,  it 
B'is  certainly  distinct  from  the  base  derivable  from  bruin 
matter. 

■  Moreover,  it  must  be  borne  in  mind  that  there  are  a 
whole  series  of  so-called  betainea  or  trebly-substituted 
amido-acida,   those  par   excellence  being   trimethyl  and 

Itriethy]  glycocine  (sec  paper  by  J.  W.  Bruhl*).  This 
fact,  and  the  futility  of  the  methods  of  analysis  at  present 
known  to  explain  isomerism,  should  make  us  particularly 
careful  in  drawing  conclusions  regarding  the  identity  or 
constitution  of  bodies  so  nearly  allied  in  composition  as 
those  of  which  we  have  been  treating, 
f  En  panjtant  it  may  be  pointed  out  that  Harnack  and 
Schmiedeberg  write  of  'lecithine  from  albumin.'  In 
face  of  what  has  been  heretofore  advanced,  this  state- 
ment is  evidently  erroneous.     Lccithinc  is  derivable  from 


t  Dtui.  Cktm.  On.  lifT.  vii.  1400. 
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brain  mutter,  egg  yolks,  bile,  and  the  roe  of  certain 
fishes,  but  it  is  iu  no  instance  obtainable  from  albu* 
miuous  principles  which  are  free  from  phosphorus. 

Tlie  base  ubtaiued  from  brain  matter,  sometimes 
termed  ueiirine  and  sometimes  choline,  is  readily  idtmti- 
fied  ;  its  hydrochlorate  is  freely  soluble  in  alcohol,  from 
which  solution  an  alcoholic  solution  of  platinic  chloride 
throws  down  a  yellow  [xtwder  which  readily  crystallises 
from  hot  water  in  delicate  needles  possessing  the  com- 
posidon  2(C.Hi,NO)2Ua,PtCl,.  The  Iwse  possesses  the 
further  general  characters  of  an  alkaloid,  and  as  such  is 
amenable  to  such  processus  fur  isolation  as  that  of  Soa- 
ocuscheiu. 

The  Cerebrine  Group. 

This  group  of  brain  principles  contains  carbon,  ty' 
drogeu,  nitrogen,  and  oxygen,  and  all  its  members  are 
readily  soluble  in  hot  spirit,  rcci-yslalli:diig  therefrom  od 
cooling.  By  a  process  of  fractionation  several  distinct 
substances  may  thus  be  isolated,  their  purity  being  indi- 
cated by  a  homogeneous  microscopical  character. 

To  free  them  from  the  myelines  which  obstinately 
tdbere  to  them  as  isolated  from  the  brain,  it  is  best  to 
Qontinually  rt^diasolve  them  in  successive  quantities  of 
ItOl  alcohol  until  ihu  dti[>osilA  are  quite  free  from  pho6- 
■kunn ;  the  myelines  remain  in  solution. 

When  placed  in  wuU;r  they  swell  up  enormously, 
Huk  ^  oo(  dissolve;  ihoy  are  insoluble  in  ether,  cold 
tMiMMv  A'**^  mainly  insoluble  in  cold  alcohol. 

'IHHM  pcv|HU-utious  made   by  Thudichimi   gave  on 
uiA^k'*^    dbe    empiric    formula;    C,.ne(S,0«    (MUUer), 
^    „  ««a  C«U«NO».     To  the  fiist  of  these  Tlmdi 
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mm  resen'es  the   name  of  cerebriiie,  the  second  lie 
2rms  phrcnosinc,  ftnd  the  third  kcraaiue. 

When  cerebrine  in  excesa  is  heated  in  alcohol  ra- 
pidly, a  part  of  it  fuses  and  then  remains  insoluble.  This 
body — apparently  an  isomer  of  cerebrine  uiiil  termed 
stcaroconoto  by  Thudiclmm — dissolvca  readily  in  benzene, 
^and  on  addition  of  alcohol  the  original  cei-ebrine  is  re- 
formed. 

As  will  be  more  fuUy  explained  in  the  Chapter  on  the 
'Pcttenkofer  rciictiun,'  all   these   substances  give,  with 
strong  sulphuric  acid  alone,  the  violet  colour  which  has 
>een  more  particularly  studiud  by  Kiiigw.tt  and  Hjike. 
When  boiled  with  baryta  water,  or  healed  tlierewilh 
lat  130**  C.  in  seided  tubes,  or  preferably  boiled  with  dilute 
[sulphuric  acid,  al!  these  ccrebrines  give  glucose,  a  fact 
rendered  previously  probable  by  Liebreich's  observations. 
To  this  glucoside  character  is  also  probably  due  the 
fact   that  when  heated   to   160"  C.   these  bodies  fuse, 
jconie  dark,  and  evolve  water,  just   as  sugar  does  in 
Hirse    of    transfitnnation   into    caramel.      The    strong 
[affinity,  moreover,  they  possess  for  water,  as  evidenced 
3y  the  swelling  therein,  remind  greatly  of  the  starches 
'which   yield  glucose  also  by  boiHng  with  dilute  acids. 
TJie    difference,    however,    between    cerebrine    and    [la 
jVarietira  and  onhnary  glucosides  or  saceharidea,  consisU 
their   contained    nitrogun.     Ilitlicrto,    the   attempts 
le  by  Thudichum  to  isolate  the  nitrogenous  nucleus 
[or  nuclei,  have  not  been  othenvisc  than  partially  success- 
ful.    The  method  employed  has  been  one  of  hydration 
^carried  out   upon   the  mixed  cerebrines,  and  tlie  cliief 
result  the  obtaining  of  a  principle  whicli  seems  to  be 
only  an   intermediate  product   of  considerable  interest, 
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and  to  which  a  provisional  formula  of  C^H^N'Ob  is  givi 
Thudichuni  isills  this  substance  '  pyschosine.' 

Of  the  nalure  of  tlie  fatty  acids  whose  radicles  seem 
to  form  proximate  nuclei  in  the  individual  members 
this  group  of  siibstauces,  we  are  as  yet  without  know 

Cerebnne»  phreuosinc,  and  kcrasine,  when  rec 
lised  from  hot  alcohoUc  solutions,  are  deposited  (in  mix- 
ture) in  minute  balls  or  rosettes  of  a  microscopical 
character,  and  crystalline  in  structure  witliout  being 
crystallised ;  that  is  to  say,  no  definite  geomethcal  foi 
can  be  assigned  to  them. 

Kerasiuc,  wiien  pure,  may  be  obtained  as  a  g 
nous  membranous  mass  consisting  exclusively  of  needle- 
like particles ;  and  thus  by  continiie<5  and  repeated  fiac- 
lionationg  of  a  mixture  of  the  ccrebrine  principles,  it 
be  obtained  from  the  latest  mother  liquors  in  a  p 
state — that  is  to  say,  free  from  cerebrine  proper 
phrcnosine  which  are  depositetl  at  wirlicr  stages. 

The  substitution   products  of  these  principles 
been  but  little  studied,  altliough  Thudichum  has 
tained  that  phreuosiue,  when  treated  with  strong  ni 
acid,  yields  the  iiitrited  body  Cs4H„,(N0,)N0«,II,0. 

Bromine  also  forms  substitution  products  with  Un 
principles  whose  real  fonuulai  may  probably  idtima 
be  definitely  established  by  such  products. 

Chokstmne,    Water  ExtracHveft,   ami  Salts  jtreseni 
Brain  Matter. 

Ab  cholesterine  has  already  been  studied  anddescrit 
in  the  Chapter  on  the  Chemistry  of  Bile,  it  is  unne<'essaryl 
refer  to  it  here  beyond  pointing  out  that  it  forms  a  con- 
siderable constituent  of  brain  subntanc*.     From  its  readi 


BRAIX   EXTRACTIVES   AKD  SALTS. 


307 


solubility  in  ether  and  hot  alcohol  it  is  easy  to  purify,  aiid 
when  iisaotriatcd  with  fiilty  matters  or  any  of  tlie  phos- 
phorised  principles,  it  is  readily  freed  from  them  by  ren- 
Jering  the  alcohol  used  for  purposes  of  recrystallisation 
alkatiue  with  caustic  potash  or  soda ;  any  coloiiring  matter 
lay  ha  taken  out  by  <*Ii:u"Lroal. 

T/te  tcater  extracts  of  the  brain  contain  a  matter  re- 
sembling, but  not  identical  with,  uric  acid  ;  a  trlbasic  acid 
which  is  crystalline  and  yields  a  feiric  salt ;  hypoxan- 
thine  (CjH,NjO),  and  a  base  of  tlie  empiric  formula 
(C,H,NO) ;  also  lactic  acid  in  considerable  quantity. 
Human  brains  seem  to  contain  no  inosite,  which  latter 
substance  is  a  constunt  ingredient  of  ox-brain  matter. 
Besides  these  principles  and  the  salts  of  which  we  shall 
treat  hereafter,  other  matters  are  contained  and  form 
perlmjis  the  bulk  of  the  extractives,  but  hitherto  Uiey  have 
not  been  clearly  elucidated.  The  presence  of  urea  appears 
to  be  indicative  of  disease,  and  is  not  found  m  health. 
The  alkaloids  alreaily  mentioned,  and  others  not  yet 
defined,  may  l>e  isolated  by  such  prccipitants  as  phos- 
phomolybdic  acid,  tannic  acid,  iodine,  mercuro-potassic 

I  iodide,  mercuric  chloride,  silver  nitrale,  and  auric  chloride. 
Hypoxanthinc  from  brain  matter  is  most  readily 
purified  by  means  of  its  silver  nilrat*^  compound, 
CjU^N'^O  +  Ai'NO,,  which  readily  recryslallises  from  hot 
nitric  acid,  and  is  a  convenient  salt  for  analysis. 

The  base  C,H  XO  forais  a  gold  salt,  in  -which,  how- 
rear,  the  gold  is  more  or  less  reduced  to  the  metallic 
iitate  during  operations  with  it 

Lactic  acid   is  obtained  by  strongly  acidulating  tlie 

'concentrated   water  extracts  with   sulphiuic   acid,  and 

extraction  with  ether.     On   dblillalion  of  the  ctliereal 
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solution  free  luetic  acHl  is  obtained,  and  may  be 
verted  into  soluble  and  crystAlli  sable  zinc  salt  by  hcatii 
with  tlie  oxide  or  tiarhonate  of  that  metal. 

Inosite  may  be  obtaiiied    by   precipitation    of   tlio 
water  extracts  of  ox  brains  with  basic  acetate  of  lead  and 
decomposition  of  the  precipitate  suspended  in  water  \vitb 
sulpliureUoLl  liydrageu ;  on  concentration  of  the  filtrai 
the  inosite  [CjH,sO(yHaO)  crystallises  out  and  may 
purified  by  recrjatallisation. 

It  may  not  be  out  of  place  here  to  remai'k  once  m 
upon  the  applicability  of  Sonncnschein's  method  of  iso. 
ing  nlk'iUoidal  principles  In  such  reseiLTchca  as  those  undi 
consideration.  The  description  of  the  proce&j  is  best  (jre* 
ceded  by  that  of  the  preparation  of  the  reagent.  Molyb- 
date  of  ammonium  and  phos])!iute  of  siKliumare  dissolved 
together  in  such  proportions  that  thirty  atoms  of  pbi>§- 
pliorus  are  present  for  eveiy  one  of  molybdenum,  a 
the  resulting  mixture  is  precipitated  by  nilrie  add 
perfectltin.  The  yellow  preeipitttte  thus  obtained  is 
Bolved  in  a  strong  solution  of  sodic  carbonate,  prefera 
containing  a  little  caustic  soda,  and  the  whole  evaporated 
to  dr^nesa,  then  fused,  adding  from  time  to  time  a  lil^H 
[dtre  so  as  to  prevent  any  reduction  of  the  molybdcnu^n 
a>mix»und3.  The  product  is  one  conveniently  sEort 
»ud  when  required  for  use  It  is  only  uecessjiry  to  da 
siJvci  it  in  water  with  the  after-addition  of  nitric  add 
^diluttxl  1  : 6)  until  a  golden  yellow  colour  is  attained. 
^'W«  it  i»  desired  to  isolate  or  purify  alkaloidal  matt 
tvtti  «ii^'  mixtnrv,  the  solutions  containing  tliem  are 
^MMel  ^^  *li^*  pho!<pho-molybdic  s4>huion  prej 
.-  r«^..aw*J^  wniil  a  further  addition  of  tlie  reagent  or  of 
:»\«^  uo  more  [irecipitate.     This  latter  is  then 
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ilcd  by  filtration,  wasbed  with  water  slightly  acidi- 
first  with  nitric  acid  and  afterwards  with  sulphuric 
ai'id,  and  then  heated  iu  the  presence  of  excess  of  boiling 
^strong  baryta  water.     The  mixture  often  turns  blue  at 
^BfaU  stage,  but  is  ultimately  presented  as  a  white  pre- 
^KipitAte  (phospho-niolybdate  of  barium)  su.spended  in  a 
yellowish  solution  containing  the  alkaloids.     From  thw 
latter  the  excess  of  baryta  is  now  removed  by  carbouic 
ihydiide  or  tlie  exactly  necessary  quantity  of  sulphuric 
cid,   and  there   is  thus  obtainttd   an  ultimate   solutiun 
2d  from  much  impurity,  and  in  a  condition  ready  for 
jy  further  methods  of  investigation. 
Thudichum  has  remarked  that  certain  alkaloids,  such 
as  those  fi'om  braiti  matter,  have  not  only  llui  jwwer  of 
comljiriing  with  acids  and  salts,  but  also  with  bases,  in 
which  case,  where  carbonic  anhydride  is  used  for  re- 
moving the  excess  of  baryta  in  the  above  process,  barium 
salis  remain  and  these  are  oidy  decomposable  by  means  of 
sulphuric  acid.     Thudichum  describes  such  alkaloids  as 

K soluble  ones,  having  simultaneous  acid  properties,'  and 
ince  his  observations  many  alkaloids  have  been  observed 
to  possess  these  characters  ;  for  instimce,  I  noticed  them 

I  in  the  case  of  pilocarpine  which  I  have  extracted  £noni 
labonuidi.' 
I      The  inorganic  principles  of  brain  matter  are  interesting 
ind  numerous. 
I,  They    comprise  sulphuric  acid,   hydrochloric  acid, 

phosphoric  acid,  and  ciU'lxinic  acid,  all  in  conibinaii(m  with 
hoses  including  potassium,  sodium,  ammonium,  calcium^ 
magnesium,  c(}pper,  iron,  aluminum,  and  manganese. 
The  function  of  inorganic  salts  present  in  the  animal 

>  Jtmm,  €3um.  Svcittj/,  Octobor  1670. 
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system  tias  beeu  by  no  means  clearly  inndu out;  ihnl  iht 
hove  an  importimt  nun,  however,  there  can  be  no  doub 
Of  tbb  we  shall  treat  more  specilicaliy  hcreafler,  but 
is  convenient  here  to  draw  altciition  to  a  com.-t?poiMlii 
purpose  served  by  ealine  matters  in  plant  life.  IJel 
clearly  proved  Ihiit  the  minute  projwrtions  of  these  in- 
gredients are  individually  aad  collectively  as  essoutial 
healthy  plant  life  as  a  supply  of  the  most  weighty 
stitueiits.  So  in  like  manner  it  is  more  tliau  probul 
that  those  present  in  brain  matter  are  as  intimately  c( 
ueoted  with  its  important  functions  and  are  not  pr 
merely  by  accident.  It  is  the  more  probable  because, 
has  been  already  shown,  they  are  more  or  less  in  combii 
lion  with  the  actual  organic  principles  of  brain  matt 
It  is  perhaps  less  probable  that  the  small  amount  of  copj 
observed  in  the  brain  Is  useful  in  any  way,  ne\'ertl 
it  is  invariably  present  in  traces,  as  is  also  matij 
TIuw  it  gets  there  is  uot  a  matter  of  dilGiiuIty  to  und^ 
stand  ;  it  may  be  absorbed  into  the  system  along  with  otl 
mineral  substances  present  in  vegetables,  and  by  the  c( 
stant  use  of  articles  containing  copi>er.  The  coj 
present  in  brain  matter  exists  mainly,  if  not  entirely,  in 
combination  with  the  phosphorised  matters,  so  ibat  if  a 
quantity  of  crude  kephaline  be  dissolved  in  wator  and 
preciiiitatcd  by  hydrochloric  acid,  the  combination 
split  tip,  and  the  solution  on  examination  will  bo  found 
contain  copper. 

This  is  a  fitting  place  to  dwell  U[ion  the  presence' 
the  traces  of  copper  which  exists  in  brain  matter  aud  othta: 
animal  tissues.    There  is  no  difficulty  in  rec<^Qi«ng 
presence  in  brain  matter  if  sufficient  material  be  ojiorat 
upon.    It  is  best  detected  by  igniting  dried  brain 
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8latx:e  with  a  fusion  mixture  of  potassium  carbonate  and 
Ditratc  :  in  tliis  way  thoorgnnic  constituents  are  destroyed, 
and  there  reraiuns  a  fyisc  containing  phosphate  of  copper 
which  may  be  readily  detected  by  the  ordinary  reacdona. 
This  circumstance  reminds  forcibly  of  the  colouring  umtter, 
turacin,  resident  in  tlic  feathers  of  certain  birds — Calurus 
auriceps  and  Catinga  cctruUa — which  Church  ^  found 
to  conlam  copjter  in  organic  combination,  and  which 
is  represented  by  the  empirical  formula  C4oH„CuNiOib. 
^ese  birds,  otherwise  known  as  plantain -eaters,  occur 
in  regions  containing  much  malachite  in  the  soil,  and 
it  ia  coajectured  that  the  copper  thus  found  present  in 
the  pigment  of  their  feathers  is  derived  from  the  earth 
taken  into  the  system  while  feeding.  If  this  be  so,  it 
would  seem  that  here  the  copper  serves  at  least  an  useful 
pur|)ose,  if  not  a  necessity  of  physiology.  It  is  impos- 
sible to  say  whether  the  traces  of  copper  present  in  brain 
matter  sen-e  any  useful  purpose,  but  that  it  existis  there 
in  combination  with  tlie  pllos[Ihori^ed  principles  is  beyond 
doubt.  Moreover,  Margraff,  Gahn,  and  Vauqiiclin  also 
observed  the  presence  of  the  metal  in  organic  tissues  and 
products,  and  in  1856  and  1857  Odling  and  Dupr^ 
made  a  numlier  of  interesting  experiments,  in  which 
they  ascertained  the  presence  of  tnices  of  copper  in 
bread,  ilour,  wheat,  straw,  liver,  kidney,  blood,  flesh,  e^s, 
cheese,  &c.  Thus  they  found  that  0925  grains  of  human 
liver  furnished  0-013  grain  uf  cupric  oxide;  wliile  CCS2 
grains  of  sheep's  liver  gave  0'281  grain  CuO;  1830 
grains  of  human  kidney  gave  0015  grain  CuO,  and 
liuman  muscle  and  blood  iravc  traces. 


>  Ttantaetiom  t^tAt  iiw]fal  SoaMt/,  x^  p.  627. 
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More  recently,  Bergeron  aud  Hfite '  have  demon st rated 
the  presence  of  copper  in  tlie  kidneys  aud  livers  of  four- 
Wen  hutunu  bodies. 

Of  course  ihere  can  be  no  doubt  that  the  copper 
occurring  in  the  human  body  must  be  mainly  introduced 
by  articles  taken  as  food  —  an  observatiou  supported 
by  dUing  and  Bujin^'s  experiments  and  by  the  knowi^B 
fuels  that  articles  of  food,  s\ich  as  preserved  peas  an^™ 
pickles,   often    contain,   and   are,    indeed,    intentionallj 
coloured  with   traces  of  copper  added  in  the  form 
sidjihflte. 

These  traces  tlius  occnrring  in  foods  do  not  find  th 
way  lo  any  considerable  extent  into  the  system ;  thaf 
whicli  is  jiresent  in  the  body  represents  the  accumulation 
efTectc*!  during  a  number  of  years,  dating  from  birth.  It 
exists  in  organic  combination  with  various  principles, 
such  as  albumin,  or  the  phosphoriscd  brain  constituents, 
and  is  thus,  lo  a  large  extent,  made  stable  and  fixed. 

Dr.  Paul  and  myself  made  a  number  of  expcriracLLts 
U]»t»u   ih'w  subject.     Preserved   peas  containing  cop; 
wra*  lakeu  us  food,  and  also  repeated  doses  of  sulphate 
of  wp(HT,  to  Uie  extent  of  {)-467  grain  each,  daily ;  but 
A  vvty  sonall  projwrtion  of  tliis  copper  was  absorbed  in 
Uw  s\i»lDm,  nearly  the  whole  of  it  being  excreted  in  tl 
^\-9.      This   is    easy  of    exjilamition.      After 
.!tj^-«tiou«  *ud  while  the  contents  of    the  stomach 
^  j^-tvl,  11  i«rt  of  tlie  chyme  is  at  once  absorbed  intOj 
^  ^wJ  *T^^^*  itnd  this  would  seem  to  constitute 
.AM  X  M^i^  *^  copper  is  absorbed.     The  greater  p 
UDw^mtt*  ^   ^  digeatod  mass  jmsses  on  through  thi 
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pylorus,  and  undergoes  a  further  change  in  the  duo- 
deniitDf  when  alkaline  biliary  fluid  takes  piirt  in  the 
process.  The  probahle  result,  as  regards  any  copper 
ill  n  soluble  state  (and  that  not  rendered  soluble  would 
uot  count)  would  be  its  precipitatLou  as  phosphate, 
which,  being  unchanged  in  the  intestines,  would  puss  out 
with  the  feces.  Of  course,  under  certain  conditions  re- 
ing  amount,  the  quantity  and  acidity  of  elomacliic  con- 
tents, &c.  &c.,  larger  quantities  of  copper  solutions  would 
be  poisonous,  as  an  abnornud  quantity  could  be  !ib.sorbcd  ; 
but  the  traces  present  in  foods  are  absolutely  innocuous, 
for  the  rea.siins  above  stateii  and  particularly  because  (as 

P  Dr.  Paul  and  I  showed)  the  copper  present  in  preserved 
peas  exists  in  combination  as  an  albuminate  uot  easily 

A  digei^tible. 

^^K77i«  Physiology  and  Pathology  of  Uie  Brain  from  a 
^^H  Chemical  Point  of  View. 

^^^  With  the  aid  of  wliat  has  been  stated  in  the  pre- 
B  coding  pages,  we  are  now  qualified  to  inquire  regarding 
I  the  life  functions  of  the  brain. 

B        It  has  been  shown  thut  Ijiuin  matter  containing  so 

B  much  water  is  a  kind  of  colloid  septum,  with  a  great 

mobility  of   character;    further,  its   principles  present 

(affinities  and  powers  of  combination  almost  unequalled 
in  chemical  science.  Kcphaline,  for  instance,  in  aqueous 
solution  is  precipitable  by  nearly  every  reagent,  including 
acids,  bases,  and  spJts  like  sulphate  of  copper  and  sodium 
arsenite.  This  power  of  combinaliou  can  be  overcome 
by  much  water,  so  that  if  these  precipitates  be  placed 
Lnpori   a  dialyser  over  water  they  give  up  again  the 
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respective  combinantfl.     The  combinations  vhth  metallic 
oxitk's,  fis  thoau  of  lead,  copper,  and  iron,  can  only  be 
unOone  by  ihe  agency  of  acids.     On  the  subject  of  these 
aflinitics   Thudichum    writes — *Thc   exercise    of  these 
affinities  being  greatly  increased  by  the  mass  of  reagent 
and  the  iiulss  of  water  which  may  be  present,  the  iuter- 
chiiiige  of  afihiities  miiy  produce  h  perfectly  iucalculablt 
number  of  st-atcs  of  the  plioaphorise<l,  and  consequently ^^ 
of    brain   matter.      This   power  of   ansM'eriug  to  anjS 
qitalitfltivc  and  qnautitutive  cliemictd  influence  we  maf 
term  the  state  of  labtLf  tquilibrium  \  it  foreshadows,  oi 
the  chemical  side,  tlie  remarkable  properties  which  ner 
mutter  exhibits  in  regard  of  its  vital  fimclions.     Fro; 
this  it  ;iLio  follows  that  nerve  matter  (if  only  as  cliarac- 
tcrised  by  the  phosphoriscd  bodies)  must  yield  obedience 
to  every,  even  the  sligliteat,  external  chemical  ialluence 
which  may  reach  it  by  way  of  the  blood.     It  must  take 
up  metjils,  acids,  salts,  alkalies,  and  alkaloids  presented 
by  the  blood  ;  it  can  retain  only  oxides  when  the  scrum 
is  again  free  from  the  combiiiants;  a  wal-cry  serum  will 
wash  the  brain,  a  more  watery  one  will  moke  it  swell, 
and  displmje   mechanically,  within   physiological  limits, 
what  it  can.     A  still  more  watery  one  wiU  make  the 
brain  dix)psical,  and  produce  all  the  conditions  of  me- 
chanical pressure  un  the  brain.     All  these  processes  are 
the  necessaiy  consequences  of  the  affinitius  of  the  phos- 
phoriscd substances,  and,  these  being  known,  the  pheno- 
mena could  bu  predicted  if   they  were  not  sufhciently 
known  as  phenomena,  though  hitherto  destitute  of  an 
explanation.      Thus    the    so-c«llc-d    brain    fungus— the 
ctuilinued  [jrotrusion  of  brain  mattfT  through  apcrtnrcs 
of  the  akuU  produced  by  mechanical   injuries  may. 
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ccrtnin  cases,  find  a  physical  explanjition  in  simple 
excessive  hydration,  of  the  phos])iiorised  (and  nitrogen- 
bed)  principles  producing  general  inlercranial  pressure." 

Now  if  lliia  be  true,  then  in  cases  of  poisoning  by 
such  metallic  compounds  as  those  of  mercur)*  and 
Brecnio,  these  snbstsinces  sliould  be  found  in  the  uei*ve 
matter  after  deatb  from  such  causes ;  and  there  are 
records  bearing  out  the  truth  of  this  conception.  D. 
Bcolosuboff'  has  published  experiment^  in  which  be 
administered  doses  of  sodium  arsenite  to  dogs,  rabbita, 
and  frogs,  which  show  thiit  the  poison  oonci'iitrates 
princii>ally  in  the  iicrvotta  tissue,  smaller  quantities  being 
found  also  in  the  rauscies,  liver,  and  marrow. 

In  further  illustration  of  the  meaning  thrown  upon 
jiathology  by  means  of  phyhiolngienl  chemistry  we  may 
instance  the  disease  known  as  softening  of  the  brain.  It 
been  pointed  out  that  in  (yiscs  of  this  disease  gly- 

iphoHphorio  and  fatty  acids  are  found  in  the  brain 
in  the  free  state ;  these  substances  never  occur  in  health, 
but,  curiously  enough,  they  constitute  the  main  decom- 
position products  of  the  phosphorised  principles.  What 
other  inference  can  be  dmwn  except  that,  in  softeniug 
of  the  brnin,  these  piinciples  are  decomposed,  and  jneld 
the  substances  whose  prt'seiice  chtmicterist^s  the  disease? 
If  such  be  true  (and  so  it  seems  to  be),  it  becomes  possible 
to  represent  this  disease  by  means  of  a  chemical  equation  I 
I  do  not  say  lliis  represents  the  beginning  and  end  of 
the  disease,  the  first  cause — that  may  be  remote  in  the 
extreme ;  but  however  this  may  be.  the  disease  is  re- 
vealed  by  a  chemical  cliange  which  we  can  express 
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nlniost    miithcmaticnlly,   niid    wliich    m»y   bu    imitat 
ariificiall}'  in  the  lalxtralory. 

Im{)rc&%<l  with  the  possibility  of  diemical   scienc 
to  explain  disease  in  some  measure  at  least,  I  was  Ii 
to  consider  that  known  as  (felintim  tremem^  autl»  pi 
pared  by  the  know!e<lge  regarding  the  brain  set 
heretofore,  I  conducted  some  experiraeiits  to  decide, 
for    as    could    be,   the   probability  of    my   hypothesil 
Before  describing   the  results  it   may   be   profitable 

briefly  over  the  work  of  others  who  have  devote 
themselves  to  the  question  of  the  action  of  alcohol 
the  body.     All   previous  workers  had  confined    tht 
selves  rather  to  a  study  of  the  channels  through  whici 
alcohol  might  be  supposed  to  act  than  to  a  study  of 
action  itself. 

In  1839  Dr.  Percy  published  a  research  bearing  upo^ 
this  subject,  and  concluded  *  that  a  kind  of  affinity 
existed  between  the  alcohol  and  the  cerebral  matter.* 
The  research  was  of  an  experimental  nature,  and  Pel 
states  that  he  was  able  to  obtain  a  much  lai^r  pi 
portion  of  alcohol  from  the  brain  than  from  a 
quantity  of  blood  than  could  possibly  be  present  within 
the  cranium  of  the  animals  operated  upon. 

In  1859  Maroct  (in  a  paper  read  before  the  Brit 
Association)  endorsed  the  views  of  Percy,  and  review 
the   researches   of  L.   Lallcmand,   Michel  Perrin,   an( 
Duroy,  '  who  withdrew  the  blood   from   the   brain    i^ 
cases  of  poisoning  witli  alcohol,  and.  succeeded  in 
tracting  alcohol  from  the  cerebral   subst^mcc  thus  free 
from  blood.'    He  also  detailed  some  physiological  es 

■  CAmiieal  .Yeiiu,  roL  xtxiv.  p.  158 ;  ood  /Korni.  Jmim.  FelintKrr 
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perimcots  from  which  he  concluded  that  *  alcohol  acts 
prinapaUy^  though  not  exclusively,  on  the  nervous 
centres  by  means  of  alworption,  nml  consequently  through 
the  circulation;'  and  that  it  a,Iso  'exerts  u  diifht  but 
decided  iiction  on  the  nervous  centrca  through  the  ncr\'€S, 

[independently  of  tiie  circulation.' 

The   more   general   question    regarding   the   futc   of 

[alcohol  when  in  the  system  has  been  more  extensively 

'studied.  Thndichum  wtis  the  first  to  determine  qnan- 
litalively  the  amount  of  alcohol  eliminated  by  the 
kidneys  from  a  given  quantity  of  alcohol  administered, 
and  the  result  disproved  the  ehmiiiat'ion  tlioory  then 
widely  prevjilent.'     Biipre,  Anstie,  and  others  followed 

^up  these  investigations,   and  the   results   of   continued 
irches  may  be  given  iu  Diiprt^'a  own  words : — - 

*(1)  The  amount  of  alcohol  eliminated  per  day  does 
not  increase  with  the  continuance  of  the  alcoiiolic  diet ; 
therefore  all  the  alcohol  consumed  d;ii]y  must  of  necessity 
be  disposed  of  daily,  and  as  it  is  certainly  not  eliminated 
within  tliat  lime,  it  must  be  destroyed  in  tlio  system. 

*(2)  The  elimination  of  alcohol  foUowmg  the  talking 
of  a  dose  of  alcohol  ia  completed  twenty-four  hours  after 
the  last  dose  of  alcohol  has  been  taken. 

'  (3)  Tlie  amount  eliminated  iu  both  bn?alh  and  urine 
is  a  minute  Auction  only  of  the  amount  of  alcohol 
taken.' 

All  these  researches  hnd  reference  to  quantities  of 
alcohol  below  those  the  consumption  of  which  produces 
deiirium  trenums,  and  in  any  case  the  fact  that  alcohol  ia 
not  eUminated  does  not  prove  what  becomes  of  it.     Of 
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courac,  in  process  of  time,  it  becomes  entirely  oxi<!wc 
but,  uutU  that  hits  been  entirely  eflecteH,  where  is  th^ 
alcohol  resident?     Is  it  distributed  equally  throughoi 
the  cinailation,  or,  as  evidenced  by  Percy's  experiment 
does  it  (iud  a  special  lodj^ent  in  the  brain?     If  so,' 
by  what  power,  and  while  there  liow  docs  it  produce  th^^ 
disease   delirium   tremem?     These  were   the  points  t^^ 
which  I  devoted  myself  in  tlie  rceenrch  which  I  com- 
miiniciited  to  the  British  Association  meeting  at  Glasgow 
(1876).   Toucderstiind  the  experiments  made, it  is  ncces- 
sarj-  to  recur  again  to  what  has  been  advanced  regarding 
the  inolt'cuKir  state  of  tlio  l>rttin  in  health.    Ttis  a  Itirge, 
mobile,  penetrable,  ooHoid  septum,  which  is  subject  to 
every  influence  reaching  it  by  way  of  the  blood,  and 
hibiting  a  great  power  of  combination.    A  large  percen 
of  alcohol  in  the  blood  may  therefore  be  contjeived  to  act 
Hpon  it  by  robbing  it  more  or  less  of  its  mobile  charactefi^ 
wliirh  is  lisseulial  to  its  healthy  functions,  and  consequently^^ 
by  impairing  its  power  of  a.'isimilating  food  and  throwing 
off  the  products  of  its  work  ;  or  alcohol  may  be  supposed 
to  act  by  dissolving  traces  of  the  principles  of  whi' 
brain  matter  is  composed — albumin,  kephalinc,  niycliuc, 
Iccitliinc,  cercbrine,  cholesterine,  &c.     It  is  unnecessary 
to  give  here  the  details   of  my  experiment  ;  it  will  be 
sufficient  to  state  the  method  and  the  nuiin  results.     The 
method  employed,  cousistcd    in    suspending   whole    o 
brains,  freshly  removed  from  the  slcull.  In  watery  solutions 
containing  from  6  to  50  per  eent.  of  alcohol,  and  main- 
tained at  the  tcmiierature  of  the  blood  during  a  number 
of  hoiu"s.     The  extmcts  thus  obtained  were  evaporated 
do^vn,  and  the  dissolved  matters  weighed  and  submitted 
to  careful  analysis.  In  some  cases  also  the  specific  gravity 
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of  the  hmin  before  and  after  the  experiments  was  nottKl. 
The  result  was  seen  to  be  that  alcohol  has  no  more  cHe- 
mu3il  effect  on  the  brain  matter  than  water  itself,  so  long 
as  it  is  beneath  a  certain  proportiou  to  the  total  quantity 
of  liquid  ;  but  if  that  proportion  be  esceeded,  the  brain 
principles,  including  kcphalinc,  begin  to  dissolve  and  pass 
into  solution,  while  the  specific  gravity  of  the  braiu  is  at 
the  same  time  affected  both  by  the  loss  of  matter  and 
the  aasimilatiou  of  water  or  alcohol.     Thus  in  one  case 
where  water   only  was  employed,  the  specific  gravity 
changed  from  1036  to  1007 ;  this  was  due  to  swelling, 
as  the  brain  had  not  materially  altered  in  weiglil.     In  a 
second (-'speriment (with  a  snlulion  containing 38  percent, 
alcohol),  the  specific  gravity  changed  from  1031  to  1005  ; 
here  the  brain  liad  gained  materially  in  weight,  and  sug- 
gests that  alcohol  was  absorbed  mechanically.     Water  itf 
I  aelf  has  a  decided  action  upon  the  brain  thus  treated,  and, 
like  more  <hlute  alcoholic  solutions,  dis8olve8  cerebrine, 
myeline,  &c.,  but  no  kephaUne.     The  scrum,  rich  as  it  is 
ID  salts,  prohibits  tlie  action  of  water  as  such  upon  the 
brain  in  life  ;  but,  on  the  other  hand,  it  is  not  easy  to  see 
how  any  of  the  matters  we  know  to  exist  in  the  blood 
could  prevent  alc(>h(>l,  when  preseul  in  sufficient  quantity, 
either  from  hardening  the  brain  or  from  dissolving  traces 
of  lis  substance,  to  be  henceforth  carried  away  in  the  bloodv 
It  would    not  be  wise   to  draw  any  final  conclusions 
firom  this  investigation  until  it  has  been  supplemented 
by  othcra  of  a  like  nature    and  supported,  by  further 
physiological   researches.     The  facts  irresistibly  remind 
of  tlie  words' of  Shakspeare,  'O  that  men  should  put  an 
enemy  in  their  mouths  to  steal  away  their  brains.'    I 
would   not,  however,  be  understood    to  condemn  the 
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proper  use  of  alcohol ;  indeed,  in  my  ojunion,  in  spile 
many  statemeuts  lately  made  to  the  coQtrary,  it  is  to 
regarded  as  at  once  n  luxury  and  an  useful  iirticle  of  di( 
It  b  matter  of  deep  regret  with  me  that  no  opportunil 
has  beeo  affbrde-l  of  following  up  the  reaearchea  bei 
briefly  indicated.     Some  good  results  might  be  obtniut. 
by  administering  large  quantities  of  alcohol  to  horses  ii 
tended  to  be  killed,  and  distilling  their  braios,  rcmov< 
immediately  after  death.     If  alcohol  were  obtained  in  at 
quantity,  it  would  clearly  sitbstaotiatc  the  conception  tl 
the  hruiii  has  a  retentive  power  for  thiii  substance. 

JAf  Brain  in  Typhus  and  other  Diseases, — In 
meiiting  upon  Tliudichum's  researehea  on  tlie  cheraic 
coimtitution  of  the  brain,  Mr.  John  Simon  (then  Medic 
Officer  of  the  Privy  Council  and  Local  Government 
wiites :  ^  '  Especially  a  leading  fact  in  typhus,  one  wli 
may  be  in  iutimate  relation  to  the  kitliug  ])ower  of 
disease,  ajid  which  it  is  on  all  ai*.countd  necessary  to  ]w\ 
as  completely  as  possible  understood,  b  the  fact  of 
action  on  the  nervous  systt^m  ;  and  clearly  no  true  know- 
ledge of  tiiat  morbid  action  would  be  poeaible  lilt  greatly 
improved  knowledge  of  the  normal  brain  chemist 
should  be  supplied.' 

Not  only  is  the   brain  and  nervous  system  direcll 
affected  by  or  concerned  in  all   diseases,  but  even 
questions    of    thought,   imagination,   and    intellect 
deeply    connected   with   the  braini  and   therefore   with 
its   chemical  constitution  among   otlier  (actors ;    but  the 
connection  is,    more  than    all    thiitgs    else,   at  presei 
remote  from  our  knowledge.     Of  course  we  must  uevi 
lose  sight  of  other  uonsideittUons  afl'ectiug  the  braiu, 
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for  instnnce,  structural  form,  fimctional  localisation,  l)ulk, 
aud  weight. 

Liebig  broached  llie  idea  that  every  fimctional  act, 
whether  muscular,  cerebral,  or  otlionvisc,  was  necessarily 
attended  by  the  dcstnictiou  of  living  eclls.  More  re- 
cently, we  have  seen  that  Dr.  Gordon  Ilaki?  liiw  contested 
this  theory,  and  has  insisted  upon  the  \iew  that  the 
cerebrivspiuid  Hysttra  does  not  generate  its  own  force  but 
derives  it  through  the  chemi<'al  changes  in  the  lungs  ;  aud 
it  is  certain  that  Fmnkland's  experiments  whit^h  Imvo 
been  described  in  another  cJiapter,  8U])port  tliis  view. 

If  the  exercise  of  tlie  brain  and  nervous  powers  w^ire 

attended  >\ith  the  destruction  of  their  own  matter,  and 

even  supjrosing  tlmt  they  were  kept  supplied  with  new 

rSubsUinoe  formed  from  tlie  nutrient  blood ;  tU|  elimina- 

>D  of  phoaphatea  from  the  breaking  up  of  tlie  pho»- 

rised  principles  would  probably  far  exceed  in  amount 

Tat  which  may  be  obaerved.     But  to  return  from  tliia 

J  digression. 

So  far  as  the  patholog}'  of  the  brain  has  been  studied,' 
le  diseases  to  which  it  is  subje^l  iimy  be  classed  under 
to  headings,  namely  (1)  Diseases  of  the  mendiranes, 
id  (2)  Diseases  of  the  brain  substance. 
Tliickeuiu^  of  the  walls  of  the  sinuses  of  the  mem- 
[branes,  and  urt*?rial  ossification  of  the  brain,  are  rom- 
>lainl9  which  have  yet  received  no  kind  of  eluridatiou. 
Tumours  sometimes  form  both  m  the  membranes  and 
Etlic  braiu  sul>stancc,  and   the  intenTanial  pressure  thus 
often    generated    gives  rise    to   paralysis,   convulsions, 
apoplexy,  &c     When  these  tumours  are  sittiate  ncnr  the 
of  the  brain  they  affect  the  ment,al  state,  sensation, 
)bst.-ure   the  intellect,  and   oflet 
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itlirHy.  Otto  bas  (lescribe<l  a  tuiDour  (from  wliich 
Duke  of  Saxu-QolliH  suflured)  six  iiu-lies  long  and  U 
brand,  found  iu  the  right  kemidphcre,  and  Esqiiirg]  sti 
that  he  observed  a  tumour  (ontaiuing  fat.  Uururluaul 
wc  have  no  knowledge  of  the  cliemislry  of  tuinoui-s 
ranoerous  growlhs,  mid  lliim  it  is  impossible  eveo 
sjK^ulate  on  the  way  in  which  they  arise. 

Meckull  hiis  recorded  «  case  of  phthi.siH  in  which 
density  of  (he  brain  was  sensibly  diaiiniahed,  and 
would  point  to  some  extent  to  the  same  cause  a^  byj 
trophy  is  due,  namely  to  a  swelling  of  the  brain  thixjuj 
the  agency  of  a  wiiUry  serum. 

Induration  or  haixlening  of  the  brain  is  a  eommoi 
observed  fact  iu  many  cases  of  typhus  and  other  fovenj.l 

*  Locomotor  ataxia  *  is  a  curious  disease  which 
appears  to  have  its  origin  in  a  degeneration  of  the  sjiioal 
maiTow ;  the  sense  of  pressure  is  partially  or  entii 
l<Kst,  although  the  susceptibihty  to  heat,  i-old,  {win, 
runmins.  In  th's  disease  a  pcculinr  matter  termed  *  atni 
bid'  is  foimd  in  the  mnrrow  substance,  and  thb  gii 
with  iodine  a  blue  coloration  like  that  given  by  sti 
It  may  be  that  this  sulistauce  is  a  deeomjiosiliou  prodt 
of  cerebrine ;  indeed  that  subatimoe  which,  when 
brine  is  subjected  to  hydrating  agenta,  gives  rise  to 
jjroduclion  of  sugar  (glua)se). 

But  without  dwelling  further  upon  the  pathologic 
eliemistry  of  the  nervous  tissues,  a  subject  as  yet  all  h\ 
entirely  neglected,  we  may  conclude  by  saying  lliat 
liir  OS  processes  of  hydration,  oxidation,  &c.,  con  occi 
in  the  living  body,  be  they  characteristic  of  health 
disease,  so  far  will  the  products  be  those  which  raay 
aitiiilarly  obtained  in  the  laboratory,  and  hence  we  pt 
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fCeive  the  necessity  of  a  thorough  study  of  brain  che- 
mistry.    Already  we  know   cuough  of  this  subject   to 
[.enable  us  to  trace   the  chuiiges  cliarflcleristic  of  inaay 
I  diseases ;  the  deelensious  from  those  stflndards  wliich  arc 
le  measure  of  health  ;  but  this  knowledge  is  uowhert; 
)lied.     What  is  particularly  needed,  and  what  might 
rith    considenible   case   be  effticted,  is   this : — Cases  of 
disease  afTeetiug  in  any  manner  or  measure   the  bniiii, 
[should   be  registered,  and   the  braius  after   death   gub- 
litled   to   investigation.     This   investigation   should   of 
jurse    have    its    histological    side — and,    indeed,   this 
[matter  is  ah-eady  carefully  attended  to — but  it  should  also 
»ve  its  chemical  side.     The  weight  and  specific  gravity 
should    be  carcfidly  asccrtaiuetl,  and  then  a  qualitative 
ind  qnantitjitive  exainiuatiou  should  be  instituted,  keep- 
watoh  six'cially  for  anything  abnormal  or  not  pre- 
riously  reeogtdsed,  and  notably  for  those  deconipo.sition 
)roduct8  of  the  phospliorised  and  other  ]>rinciples  pecu- 
liar  to   non'otts    tissue   and   derived    therefrom    by  the 
letboils  of  change  which  have  been  described,  with  tlieir 
[results,  iti    previous  pages.     In  the  ineantlnie,  what   is 
[urgently   needed   is  an   accurate  determination  of  the 
slativc  amounts  of  those  constituents  we  have  described 
occurring  in  brain  matter,  and  the  diflereuce  exliibited 
the  riuanliljitive  comfKwitiou  of  wliile  and  grey  matters 
id  of  nerves. 
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CHAPTER  XYT. 

OTHER  AXIMAL  OBGaNS,  TISSUES,  AND  SOLIDS. 

77m;  Ihymm  Gland. 

The  thtfmtis  glnntl  is  situated  at  the  base  oi   the  lu 
in  frout  of  the  lungs.     It  consists  of  nn  aggrcgalioa 
folltdcfl  like  those  found  in  the  small  intestine;  it  ia   ' 
laigest  in  infuuts,  and,  according  to  Huxley,  grndunlly 
disappears  in  adult  and  old  persons ;  its  framework  is 
nlbiiininoua,  and  it  containa  a  little  fat,  leucine,  xantliine 
and  hyposanthine,  succinic  and  lactic  flciJs.     Tliudirlmm 
states  tliat  in  the  progress  of  involution  of  the  thymuy 
tlie  amount  of  sodium  it  contains  is  nearly  doubled.    ^^ 
the  function  and  chemical  history  of  tiiis  organ  next  to 
nothing  is  known. 

77ie  Thyroid  Giatul. 

The  thyroid  gland,  like  the  ihym^ts  gland,  is 
dandy  supplied  with  lymphatics;  it  lies  in  that  part 
llie  throat  below  the  larynx,  and  is  subject  to  n  disci 
by  which  it  becomes  cnliirged,  giving  rise  to  *  goitre  ' 
*  Derbyshire  neck.'    Its  ingredients,  so  far  as  they 
known,  are  like  those  of  tlie  thymus  and  other  glands  of^ 
ilifiercnt  situation.    It  is  said  also   to  contain  muc 
and  in   certain  diseased   states   cholesterine   is  present 
IL*  chemical  constitution  aud  function  arc  for  the  most  pa 
undetermined. 
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The  Supra-renal  CapsuUff. 

The  supra-renal  capsules  which  lie  above  tlie  kidocys 
'also  exercisi;  aa  uiikuowu  fiiuctioii.  Tlicy  suein  lo  con- 
tain an  imperfectly  studied  matter  which  Tliuilicbuui 
terms  renctUiue,  a  substance  which  comrautiicates  to  alco- 
holic or  cthcreiil  esiracla  a  yellow  colour  which  darkens 
to  red  on  exposure  to  the  air.  Such  solutions  e2diihit  a 
green  fluorescence.  Iodine  gives  a  red  colour  to  the  watery 
extracts  of  supra-reual  capsules,  and  ferric  chloride  strikes 
tlierewith  a  blackish-bliio  colour.  The  auprii-renal  cap- 
sules also  contain  leucine,  and  seem  to  be  particularly 
coucerned  in  Addison's  disease,  or  *  bronzed  skin.* 

Tke  Ovaries, 
!Ilie  chemistry  of  the  ovaries  is  in  a  very  unsnttsfac- 
'  tory  condition.    The  corpora  lutea,  of  whicli  they  are  in 
^jMLXi  cnmpcTscd,  t-onluin  fluid  in  which  the  presence  of 
iCOQguiable  serum  may  be  detected.     They  also  coutiiin  u 
graanlar   substance   termed  luteine,  which  is  a  yellow 
colouring  matter  soluble  in  alcohol,  ether,  and  chloroform. 
Thudichum  points  out  itiat  tliu  spectrum  of  its  solutions 
consists  of  three  absorption  bands  in  the  blue  and  violet, 
land  is  similar  to  that  presented  by  apparently  the  same 
prirxiplti  contained  in  yolk  of  eggs.     An  albuminous 
fluid,  whirli  also  exhibit'*  this  spectrum,  is  said  to  be  con- 
tained in  some  forms  of  ovarian  cyst.     Further,  a  some- 
what similar  colouring  matter  is,  aoconliuy  lo  Thudicbum, 
,  contained  in  the  yellow  forces  of  sucking  infants. 

Muscular  Tissue  and  Extract  of  Meat. 

The  tissue  of  voluntary  or  striated  muscles,  and  that 
>f  involuntary  or  smooth  muscles,  are  no  doubt  to  a 
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large  extent  composed  of  the  eamo  principles ;  at  the 
same  time  it  is  probable  that  as  pliysio logically  con- 
sidered the  functions  of  each  arc  not  precisely  similar,  so 
also  certam  differences  in  their  chemistry  will  be  eluci- 
dated when  they  have  been  better  studied  and  when  the 
methods  of  (chemical  science  shall  have  been  more  per- 
fected. As  it  is,  chemical  studies  have  rather  confined 
tlicmselves  to  the  striated  mnsclos.  These  are  made  up 
o."  disks  or  lubes  of  syntonin— a  peculiar  contractile 
albuminous  principle— imbedded  in  a  sarkolcrania  or 
membranous  sheath,  and  siuTounded  by  a  serai-fluid 
plaj^ma. 

Muscular  tissue,  Ihen,  consists  of  about  75  or  80  per 
cent,  of  water,  and  15  or  17  per  cent,  of  certain  albu- 
minous principles,  while  the  rest  is  made  up  of  certain  so- 
called  extractives  and  salts. 

The  syntonin,  or  solid  part  of  the  flesh — »nmctira« 
termed  flesh  fibrin — is  insoluble  in  water  but  can  be 
extmcted  from  the;  insoluble  part  of  meat  by  means  of 
dilute  acids  in  large  quantities.  Dissolved  in  the  plasma 
of  the  muscles  are  a  number  of  albuminoids  more  or  less 
closely  related  to  this  syntonin.  Some  of  them  no  doubt 
represent  the  pabulum  out  of  whirh  tlie  solid  jmrt  of  the 
muscle  ia  construelwl,  while  ajfiiin  nthers  are  derived 
from  the  syntonin  by  pux-esses  innately  associated  with 
physiological  prrcesses.  Thus  the  plasma  contains  a 
substance  of  whicli  mention  has  been  made  elsewhere, 
Tiz.  myosiTi;  tliis  may  be  obtained  by  jwuring  plasma 
into  warm  water,  when  it  coagulates.  Myosin  is  like 
fibrin  in  many  respects  and  anion^  these  in  its  power 
of  decomposing  ])t;roxide  of  hydrogen  by  contact ;  in 
fact,   myosin  ia   transformed  (apparently)  into  syntonin 
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by  treatment  with  dilute  acitls.  There  fti-e  also  present 
in  pliisnm  ;  potassiuin-albnniiii,  seralbumin,  and  nijo- 
chrome,  which  is  (acconling  to  TliuJichum)  identical  with 
hteina  to -crystalline  of  the  blood.  Myochrome  is  absent 
in  white  muscular  tissue. 

Although  the  plasma  is  alkaline  when  flx^sh,  meat 
when  kept  quickly  becomes  acid;  and  Tlmdichum  ex- 
plains this  iLs  due  tu  t}ie  furuiation  n(  panilanlic,  ai-id 
which  at  first  shares  the  potassium  of  the  phosphate  and 
transfunns  it  into  acid  phosphate  '  Only  when  excess 
of  pai-alactic  acid  in  its  free  state  is  present,  does  the 
albumin  scftarate  from  the  potassium  albumin  '  (Thudi- 
chum  ')  of  the  muscle  scmm,  or  plasma  frcwl  from 
myosin. 

The  soluble  ccmstituents  of  muscular  tissue  may  lie- 
obtained  by  extracting  minced  meat  with  cold  water  and' 
separating  the  albuminous  parts  of  the  extract  by  boil- 
ing, which  cauaes  their  precipitation.  The  Iluid  then 
contains  the  sohdjlc  aalta  found  in  the  blood,  kreatiue, 
kreatinine,  inosite,  uric  acid,  ximthinc,  hypoxanthine, 
Uiurine,  glycogen,  sugar,  inosic  and  paralactic  acids, 
formic,  acetic  and  butyric  acids,  and  other  substances  by 
no  means  ivell  made  out. 

In  fact,  while  flesh  yields  about  1-25  per  cent,  of 
["extractives,  we  are  only  awjuainted  witli  thi;  ualuro  of 
0'21  per  cent.,  or  about  a  sixth  part  of  the  total  quan- 
lity.  This  knowledge  is  chiefly  the  result  of  Licbig's 
researches,  the  practical  outcome  of  which  may  l>c  said 
to  be  the  commercial  preparation  of  a  so-called  extract 
of  meat,  or  beef  tea»  which  often  proves  of  great  dietetic 
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value  to  both  healthy  aod  sick  porsons.  This  extract 
meat  contains  iihout  1 8  per  cent,  of  stilts  (ohk'fly  potosa 
compounds)  and  about  the  same  percentage  of  water. 

We  liave  seen  that  Licbig  was  only  successfiil  in 
ascertaining  the  nature  of  less  than  17  ]ier  cent,  of 
total  matters  entering  into  the  composition  of  this 
lra<'t.  '  Fortimatcly  for  science,  Liebig  was  more  c 
scientious  than  miuiy  workers  in  this  direclion  ;  for  it  i 
a  weakness,  not  only  on  the  part  of  the  physiologi 
chemist  bnt  on  that  of  the  ordinary  chemist,  in  ihcir  i 
vesligalions  to  seize  upon  one  particular  product,  prefer- 
ably^ cliotjsing  the  most  crystatline,  and  to  c:cAminc  it  to 
the  neglect  of  the  99  per  cenl  This  would  not  be  of  so 
much  import  if  at  the  same  time  it  were  accompanied  by 
a  statement  of  the  fact,  but  as  it  is,  their  publications  art' 
not  rarely  so  worded  as  to  convey  to  tlie  mind  of  the 
reader  imperceptibly  the  idea  that  nothing  renuiins  to 
done.'  * 

That  the  muscle  may  be  said  to  transform  chemic^ 
force  into  mechanical  force  there  am  be  no  doubt,  but 
is  not  so  clenrly  established  that  tliis  chemical  force 
generated  in  the  nuiscles  themselves.  In  the  Chapter 
*  Animal  Heat  and  Vital  Force  *  certain  different  vie 
held  upon  this  matter  have  been  already  discussed,  a: 
it  is  therefort!  needless  to  repeat  them  in  this  place. 

The  presence  of  a  colouring  matter  in  red  muscl 
similar  to  the  hiemalo*ciy.sUdline  of  the  bloiwl,  is  certainly 
significant;  and  various  researches,  particularly  those 
Brown-Seqnard,  have  demonstrated  tliat  the  conlractibiii 
of  the  living  muscle  is  dependent  upon  the  clnnilalion 
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arteriiil  b!ooc1.  Hence  it  is  not  improbable  that  by  com- 
bination of  ox)'gen  conveyed  by  the  blood  with  this 
colouring  matter  of  muadcs,  a  quantity  of  this  gas  is 
stored  therein,  and  may  serve  by  tlie  oxidation  of  osi- 
disable  substances  to  generate  force  in  jfitu.  The  large 
(lepcndeuce  of  muscular  action  upon  the  exercise  of  will 
tends,  however,  to  show  that  the  nieehanioiil  force  is 
directly  due  to  a  cerebric  force,  having  of  course  its 
primary  origin  in  the  oxidation  occuniiig  in  the  blood. 
The  loaded  muscle  is  alkaline,  but  becomes  acid  during 
■work,  in  which  openiticm  carbonic  acid  is  libtTally  set 
free,  although  muscular  exercise  does  not  appear  to 
greatly  increase  the  amount  of  iirca  excreted.  It  thus 
seems  that  the  albuminous  compounds  do  not  sufi'cr  dis- 
integration in  the  muscles  to  any  large  extent,  but 
rather  that  tlie  process  of  oxidation  occurs  chiefly  upon 
the  carlwhydrales.  Nevei-theless  the  presence  of  krealine 
and  other  nitrogenous  matters  previously  enumerated, 
poiuta  on  the  other  hand  to  a  characteristic  decomposition 
of  albumin.  Of  course  tlie  (neasure  of  carbonic  acid 
given  off  is  a  measure  of  the  muscular  activity,  and  con- 
sequently this  is  a  less  quantity  when  the  muscle  is  at 
rest  than  when  it  is  contracted.  Thb  contracted  state 
is  alst>  chftmctt;ri^ed  by  an  acid  reuclion. 

Ktthue  has  demonstrated  that  n^or  mor^w  is  due  to 
the  sejMiration  and  coagulation  of  the  myosin  contained 
in  muscle  plasma.  So  soon  as  this  myusin  softens  and 
disintegrates,  the  rigidity  ceases.  *The  muscle  parti- 
dpates  in  all  febrile  diseases  of  the  body,  and  ia 
frequently  the  seat  of  idiopatliic  processes.'  (Thudt- 
chum.) 

In  typhoid,  typhus,  and  other  fevers,  it  degenerates 
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in  Structure  and  becomes  yel!owis}i ;  in  futty  degenera- 
tion it  loacs  1(9  con  tract  i  bill  ty,  and  fat  may  then  be  de- 
lected in  the  free  state ;  in  trichiniasis  it  is  the  s*iat  of 
the  trichina  fq)iraliA.  In  other  disease-s  the  muscle  i» 
likewise  seriously  affected,  but  in  what  precise  manner  or 
measure  c^innut  at  present  be  stated. 

The  cliemical  constituents  of  muscular  tissue  have 
been  for  tlic  most  part  particularised  in  other  places,  aud 
it  is  only  necessary  here  to  give  the  chief  characters  of 
innsic  iicid  whic3i  is  peculiar  to  muscular  tissue.  Under 
the  conatituents  of  urine  we  have  described  a  method  for 
extracting  krcalinc  from  ticsh  of  fowl,  &c.  It  is  from 
the  mother  liquors  after  the  removal  of  krcatine  that 
inosic  acid  may  be  best  ubUiined.  The  liquors  arc  con- 
centrated and  then  treated  with  alcohol  till  a  milky 
appearance  is  obtained ;  they  are  then  allowed  to  stand 
aud  crystallise.  The  crystals  of  barium  uml  pnttL'^ium 
inosatcs  thus  obtained  arc  dissolved  in  hot  water  and 
more  barium  chloride  addtd,  so  as  to  get  all  the  inosic 
acid  ma  barium  salt.  This  done,  the  salt  is  crystallised 
out ;  and  by  recrystallisation  and  subsequent  decomposi 
tion  with  sulphuric  acid»  pure  inosic. acid  is  obtained. 

Inosic  acid  (C,n,N",Oe)  is  an  uncrystalli sable  syrupy 
matter,  eiu^Uy  soluble  in  wiitcr ;  it  Is  preripitiiblc  from  its 
watery  a>lution  by  aloohol,  and  is  insoluble  in  ether.  The 
salts  of  the  alkalies  are  crystallisable.  The  copper  salt 
insoluble  in  acetic  acid,  but  dissolves  remllly  in  ammonia 
The  taste  is  pleasant,  reoiinding  of  the  juice  of  meat, 
and  when  burnt  it  gives  off  the  o<lour  of  roast  meat. 

Before  concluding  this  chapter  we  may  remark  tha 
many  years  ago  IT,  Voh!  showed   that  when  inosite 
fcrmeuted  with  putrid  clieese  or  flesh  it  yields  ordina 
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*tic  acid.  Hilger,  however,  tlisputctl  this  stntement, 
ami  alleged  that  pnralactic  acid  wiia  produced  under 
these  circiiinstjin<;(s.  More  recently  Vuhl  ^  hits  piihlLslicd 
some  further  researches  mjon  this  qiieslioii  wltli  the 
result  of  confirming  his  foitner  statement,  and  llierefore 
removing  Hilger's  objection.  The  foniialiou  of  lactic 
acid  from  inojiite  is  the  more  interesting,  bearing  in  mind 
the  fiict  ihnt  inosile  and  pnratuctie  acid  are  found  together 
ID  the  musoular  tissue  and  ia  the  brain  matter.  Whether 
the  acid  is  formed  from  the  sugar  in  the  living  body  it  is 
impossible  to  say,  but  it  is  certain  that  inofflte  often 
changes  into  an  acid  substance  during  certain  chemical 
0[)cratJon&  designed  to  extract  it  from  animul  matters. 

The  Btmes. 

The  boues  consist  of  so-called  osseiii — a  peculiar 
albuminoid — associated  with  certain  inorganic  principles 
to  whii'li  osseou.s  tissues  owe  tlieir  rigidity.  The  other 
matters  which  are  foimd  occurring  in  or  witli  bones,  such 
as  marrow,  a  htllo  fat,  vascular  and  Cbrtnis  thit-ads,  &c., 
are  mere  accessories  to  the  tissues  proper.  More  im- 
portant, perhaps,  are  the  cellular  nuclei  which  arc  found 
in  the  cavities,  and  termed  bone  corpuscles.  The  extetnal 
surface  of  bnne,  as  also  the  internal  surface  of  l!ie  cylin- 
drical bones,  is  covered  with  a  membrane  or  periosteum 
endowed  with  numerous  nerves  and  vessels.  Tliis  peri- 
osteum, like  the  ossein  itself,  yields  gelatin  by  boiling. 

When  bones  are  treated  with  dilute  hydrochloric 
acid  during  a  protracted  period,  the  earthy  carbonates 
and  phosphates  are  dissolved  out,  leaving  a  skeleton  of 
the  oi^nic  matter  which  retains  the  original  shape  of 
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the  bones — tliat  is,  i>f  a  tubular  centre  round  winch  arc 
disposed  successive  concentric  layers. 

Dry  bones  contaiu  about  29  to  30  per  cent,  of! 
ossciu,  which  when  dissolved  in  hot  water,  3rieM3  gelatin. 
The  inorganic  matters  combined  with  ossein  iu  bones.] 
amount  to  about  GS  or  69  per  cent.,  and  these  proportioua 
occur  with  suuie  regularity,  although  by  uo  mean.s  with 
perfect  regularity.  Iu  fact,  the  amount  of  calcareous 
salts  varies  to  some  extent  in  difTerenL  bones,  at  difierentj 
ages,  and  under  vaiying  conditions  of  life. 

The  average  coinpositiou  of  dry  bones  may  be  ^-1 
pressed  as  follows : — 


Wnt«r  and  owsein^  from     . 
Cnlciuiu  p1i<M|)haie  (CftjPaO^) 
nalcliam  carbonate     . 
Calcium  fliioritin 
M<i(fn<»4ia[u  phosphnUi 
ether  salu    coutamin^   some) 
■oditiiu  chlondu  f 


90    to  34  per  cent. 
M    „    63      „ 

1     .,     3      „ 

0-8  „     1-2  „ 

traces 


The  following  analysis   of  liunian   bone  is  by  Ber- 
zelius : — 


Water  aii<1  cArtllnj^  (OMcin) 
VrntMln  (auucialed  orjmiiia  mntte' 
l*tioj>phnt»  of  calcium  . 
Fluoride     ,,        »       • 
C'iirb<jnato   „        n       ■ 
PhoHplinic  or  mopneaiiiiu 
Sodium,  with  a  Ultle  chloride 


liXMIO 


Von  Bibro,  in  an  elaborate   treatise  on   the  bones, 
gives  numerous  analyses,  which  bear  out  the  faot  above] 
stated  to  the  effwH  tliat  the  composition  of  boues,  al- 
though  approaching    a   general  kind   of  reguhtrity.   isi 
vnriable  williiu  cert?.in  limits  ;  so  variable  indeed,  ihiit  the 
idea  of  bone  as  a  chemically  individual  substance  cannot 
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be'enlertaioed.    Tlie  following  analyses  ai^e  selected  irora 

various  sources,  ami  are  given,  togetlier  with  tlie  outJiors' 
names. 


Km.   Fora- 

Panur  t*  rB»le 

Ttmat  td  tnu 

■m. 

twtiK  Hi  illh  l]>lillt.h. 

■lirdai. 

BjHinlU. 

Vein  IMIrrn, 

Vein  Blbm. 

Anininl  mntlpr  (ncfflin)  . 

.  31 -n    . 

.     40-,18       . 

.    31-47 

Cftldum  phospb^e      ,  . 

.    60-U] 

.    63-40    ]  . 

,    08-33 

„        fluuride    . 

.      2-23  J     * 

„         tarbiitiBte 

.       6-32       . 

.      3-06 

.      8-3S 

Afwmesiuiii  pboapbate  . 

.      1-20      . 

.      2-10      . 

.      1-03 

Other  mIu    . 

— 

I'D      . 

.      0-OS 

Voii  Bibra'a  analyses  seera  to  indicate  that  in  young 
bones  the  organic  matters  are  proportionately  greater  lo 
the  inorganic  matters,  wliicli  are  lliereforc*  jiroporliou- 
ately  less,  than  iu  the  properly  developed  bones  of 
adults. 

It  has  been  stated  above  that  at  various  times  bone- 
substance  has  been  regarded  as  a  chemical  individual  This 
idea  derived  particular  support  from  some  observations 
which  were  made  showmg  that  a  mixture  of  gelatin  and 
bone  earth  in  dilute  hydrochloric  acid,  wlien  neutralised 
by  ammonia,  yields  a  deposit  of  phosphates  eontiuning 
about  20  per  cent,  of  gelatin.  Also,  when  a  similar  solu- 
tion is  mixed  with  tannin  solution,  taniiate  of  gelatin 
containing  bone  earth  is  prei'ipitnted.  But  the  varia- 
bility in  composition  of  osseous  tissues  is  against  the  Idea 
u»  question.  Nevertheless  that  the  earthy  miitterfi  do 
undoubtedly  exist  in  chemical  combination  with  the 
ossein,  is  proved  by  the  fact  that  Ixines  do  not  siifibr 
change  when  merely  boiled  in  water — the  ossein  is  not 
dissolved  out.  On  the  other  hand,  when  placed  with 
water  in  a  Papin's  digester  and  exposed  to  150*C.  for 
some  hours,  the  gelatin  is  dissolved  and  the  earthy  mat^ 
ters  disintegrate- and  remain  insoluble. 
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Bone  earth  contains  about  877  per  cent  of  calcium.^ 
phosphate  (CfiMpjO,),  9*1  per  cent,  of  calciiun  carbonatdH 
(CaCO,),  3  per  (wnt.  of  calcium  fluoride  (CaF),  and  17 
per  cent,  of  raagiiesiura  phosphate. 

When  subjected  to  dry  distillation,  bones  give  off  a 
quantity  of  fcctid,  volatile,  and  tarrj-  matters  containi 
oeitiiin  animuniuni  com|>ounda — the  jjroducls  of  ihu  de- 
struction of  ossein — and  yield  a  residue  of  animal  char 
coal.     Tliis  rci^idue  tonlains  of  coiu-se  the  inorganic  pai 
of  the  bones  more  or  less  changed  by  the  deconipoalion, 
in  part,  of  the  carbonate,  and  when  strongly  ignited  in 
the  open  air  the  carbon  may  be  entirely  burnt  off.     On 
the  other  hand,  the  greater  part  of  the  inorganic  mutters 
may  be  dis^.tlvcd  out  by  acids,  and  in  that  case  tolerably 
pure  carbon  is  obtained. 

When  certain  dyes,  such  as  madder,  are  given  with 
the  food,  they  find  their  way  into  the  bones  which  thu«^l 
become  coloured.     From  the  mode  in  which  this  colour-™ 
ing  occunvd,  it  wns  inferred  that  the  bones  are  ntpjdly 
renewed   ironi  without,  but  Thudichum  considera  this 
doctrine  to  be  untenable.^ 

E.  Maly  and  J.  Donath*  state  that  100,000  parts  ol 
water  dissnUx-  about  236  parts  of  gelatinous  calcium 
phospliato,  2'56  of  calcined  calcium  phosphate,  and  3 
ports  of  calcium  pho8i)hate  from  powdered  bones,  but  at 
what  temperatures  is  not  stated.  They  also  observe  that 
ossein  when  kejit  in  contact  with  calcium  phospliate, 
does  not  combine  with  it ;  and  on  this  ground,  and  from 
the  further  fact  that  other  albuminoids — such  as  ovalbu- 


>  ClumiMl  Phynoloff^,  p.  47. 

•  Jvum.  pr.  Chcm.  (2)  viL  4J3-140. 
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iniiu  and  eeralbumin — besides  osseiu  are  predpitatod  to- 
gether witli  cnrthy  phospliftles  fi-om  tlie  siudl'  solulion 
(with  ammonia  as  above  described),  the  authors  conclude 
that  bone  is  merely  a  mechanical  mixture.  We  have 
already  given  reasons  for  regarding  bone  as  in  some 
measure  at  least  a  chemical  combination  (although  not  a 
chemical  indivicUial),  and  the  cxjieriments  of  Mnly  aud 
Doriath  a])pertr  to  have  no  direct  bearing,  in  our  optuion, 
jupon  this  question. 

C.  Aeby  '  regards  boae  as  made  up  in.  great  part  of  a 

[complex  ]nolecule  in  which  the  lime  and  phuspliuric  acid 

a  constant  relation,  but  in  which  the  excess  of  lime 

»r  orthophnsphuie   sometimes   wholly   exists  as   car- 

-boualc  and   sometimes  as  partly  carbonate  aud   partly 

hydnitc.     All  oth(;r  aulhore,  however,  agree   thai   the 

hydrate  does  not  occur  in  fresh  bones;  and  in  a  more 

ant  paper  F.   Wibel-  has   criticised   C.   Aeby's   re- 

rflearches,  and  concludes  from  bis  own  expeiimeuts  that 

the  conclusions  of  the  latter  worker  are  arbitrary  and 

erroneous. 

F.  Papillon*  has  published  aome  interesting  experi- 
ments upon  the  modifications  that  can  Ik;  induced  in  the 
apoeition  of  bones.  By  feeding  pigeons  and  chickens 
"with  an  appn>priate  diet,  he  has  succeeded  in  getting 
small  qimntilies  of  magnesium  sails  Uikcn  uj)  by  the 
boDCS ;  aud  from  these  and  formerly  published  re- 
searches he  concludes  (with  uo  real  show  of  reason, 
however),  that  metals  like  magnesium,  strontium,  and 
uluminiuni  are  assimilated  in  bone  tissue  in  the  propor- 
tion of  their  atomic  weights.    He   compares  quantities 

'  J.  pr.  Cktm.  (2)  tH.  37-44.  »  Ibid.  (S)  U.  1 13-132. 

*  iifii^.  iUnd.  Ixuv.  3&2-SA6. 
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of  the  oxides  agfiiust  ratios  of  the  metals,  and  ihits  A! 
comes  to  be  cumpared  with  Kg.     Moreover,  there  we 
mistakes  in  his  calculations,  so  that  while  the  interest  o^| 
the  facts  remains  his  conclusions  may  be  entirely  dismissed, 

J.   Kbnig   has   desc.n1>ed '    some   experiments  of  l^l 
similar  clmranter.     He  relates  how  II.  Weiske  asserted,^ 
and  rapillon  denied,  thjit  animals  fetl  on  a  diet  contain- 
ing phosphftte  of  strontium  get  tliis  compound  deposited 
iti  their  bones,  and  then  prctceeds  to  give  his  own  ei-i 
perimcnts  rau<le  with   guinea-pigs.     These  demonstrate 
that  atroutium  phosphate  may  thus  replace  phosphate 
(vilcium,  but  he  tlid  not  succeed  in  similar  esperimenli 
conducted  with  aluminium  phosphate. 

Boms  in  DmoAe. — ^There  arc  numerous  diseases 
which  the  bones  are  most  seriously  conccrne<l,  and  b< 
come  cither  brittle  or  singuhirly  soft* 

Thus,  in  rachitis  or  rickets — or,  as  tlie  Germans  tam 
it,  criiiiio-tabes — (a  disease  to  whicli  children  are  mom^ 
particidHrly  liable),  and  in  ostcnmiihicia  of  pregnant  women" 
and  aged  persons,  tlie  bone  earth  fidh  to  an  alarming 
extent,  the  ossein  rising  pToportionately,     The  followiuf 
analyses  are  instructive  : — 


Name  of  Viaetao   .        .  |                 BmUH* 

OM«nnikita                  1 

Kuoe  ol  BotH 

V«H«m 

Sevolft 

Ami 

Anther    .... 

Bj  LnhniBtin 

It;  BvMwii 

Bogiier 

L<(iai9im 

Animal  matter 
Calcium  pbiwphntu 

„        tluoridi? 

„       caibouate . 
Uwamnn    pbo»> 

Suite  (soluliJe) 
Fnt        .         .         . 

64-14 

•.V2-tM 
4  01 

U-75 
r,J*4 

00-14 
4-83 

oei 

i-oy 

K-22 

58-77 
!W13 

a-70 

0-87 
1-01 
II1I4 

78-76 

13-00 

1-13 

o-ea 

4-70 

06-M 

20-M 

0-06 

G-40 
0-80 

4ft-83 

17-M 
3-04 

083 
0-37 

■  ZeUtiAr.f.  Sioloj/ir,  x.  06  T'l. 
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Bclwcsto 

Mmw  o<  OtowM  . 

Actiintu 

Cbroulc  Ooat 

Ouim 

UtenUM 

iabtch 
dagTM 

?JMne  at  Boos 

Femur 

HeW*rp«l 

Plimluu 

Kint  ol  Ant&or  o(  Anoljil* 

Mutdumt 

Il^^lInMln 

Von£lbm 

Ton  aiim 

BwdtT 

CWi/MnuitM. 

Aotiual  oisttor  (oeMis) 

40-32 

3SI4 

37-97 

19-68 

88-37 

OAlcinm     pboapbate 
nud  iluonde     . 

1 

43-00 

3310 

49-rr 

72-as 

1 

Calcium  Au-bonnt)* 

8-24 

6-41 

7-24 

4 -OS 

[61-47 

Magniwiuai  pbaaphsLe 

1-01 

1-31 

Ml 

1-03 

) 

Othsr  aalu  . 

2  00 

3-93 

0  30 

001 

0-28 

Pat    . 

— 

i»n 

8-fiL 

1'22 

— 

It  will  be  seen  from  these  analyses,  which  are 
selected  from  a  large  number  publiahed  by  various 
workers^  that  the  chemical  compasition  of  diflereni  bones 
in  various  diaeasea  is  a  matter  of  extreme  importauce  in 
helping  U3  to  obtain  a  more  complete  knowledge  of  the 
pathological  processes.  Thus,  the  high  amount  of  cal- 
cium phosphate  in  the  bones  in  necrosis  is  peculiarly 
significant,  as  ia  also  the  large  percentage  of  fat  which 

I  figures  in  chronic  gout. 
la  rachitis,  lactic  acid  has  been  found  in  and  about 
the  bones,  and  it  is  supposed  that  the  diminished  quan- 
tity of  inorganic  matters  present  in  bones  in  this  and 
similar  diseases,  is  due  to  the  solvent  action  of  such  acid. 
The  question  of  course  next  arises,  where  does  the  lactic 
ftcid  come  from?  To  this  question  no  answer  can  yet 
be  given  ;  and,  in  fajCt,  we  are  in  profound  ignorance  of 
the  processes  upon  which  these  various  diseases  depend. 
It  may  be  fairly  auticipated  that  with  a  better  general 
knowledge  of  them  and  the  more  assiduous  application 
of  chemical  science  to  healthy  and  morbid  parta  of  the 
body,  our  ignorance  will  gradually  give  place  at  least  to 
intelligence,  if  not  to  knowledge  and  an  exalted  power 
of  healing. 
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The  teeth  have  a  composition  much  like  that  of  ordi-   , 
nary  bones ;  and,  indeed,  the  roots  or  stumps  of  teeth  al^H 
l)ones  properly  so  called.     The  exposed  parts  of  the  teeth, 
however,  consist   of    many    minute   tubes   of    peculiar 
construction,  and  composed  of  what  is  called  dentine ; 
over  this  there  is  a  harder  epithelium  structure  termc 
cement.     The  enamel  is  deposited  on   the    dentine 
vertical  layers,  and  it  contiiins  even  less  organic  mat 
than  the  cement.     The  dentine  hardly  differs  in 
position    from    true    bone,   as    the    following  analj 
show : — 


BmMm. 

TonBltoK. 

Ammal  mfttter  (oui^) 

.    38-0      . 

20-42      .      37-81 

Caldiun  pb<)»pha.t« 
„        Uuoride           * 

.        .    64-3      . 

6754    .    oo-ra 

„        carbons  tu 

.      fi-3      . 

7W      .        8-36 

Ma^enmn  phoBpliuU)  . 

.      1-0      . 

24S              1.08 

Salta  (soluble)  ud  fnt . 

1-0      . 

J-58      .        1-23 

The  cement  contains  about  4   per  cent,  of  orgs 
mutt<?r,  92  per  cent,  of  earthy  jihosphateNf  and   4 
cent,  of  calcium  fluoride.     The  following  analyses  are 
enamel : — 


Pbo«p]iiit«  of  caldom      I 
Fluoride      „        „  f 

Carboiuto  „        „       ■        . 
Ftoapliate  of  magiwilum 
Memltuie,  ofwin,  fnt,  salts  . 


&S-S 

8-0 
IC 
2-0 


VamWtM*. 
81-63      .      89-63 


6-88 


■4  37 
1-34 
437 


Prom  many  analyses  made  by  Lassjugne  it  would 
seem  that  the  phosphate  of  calcium  gradually  increaaBe 
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Tvith  age,  and  that  the  amount  of  carbonate  coriespoud- 

infflv  falls  : ' — 


OrgmiLUl  Matter. 

rtiocplial*  of 
Qilerlnnl. 

Tootli  of  child  1  day  old  . 

. 

.    35-00 

6I'(W      . 

14-00 

,.       ..       n  »««d  8  jttrt 

, 

.   2a-C7 

OOOl       . 

Tl-42 

„      „  insdultauui    . 

. 

,   sn-00    . 

61U0      . 

10-00 

„      „  a  isan  81  jrwui  of 

■R* 

.     3800 

oaoo 

1-00 

7^?  JVaiV*  and  Hair. 

The  nails  ami  hair  admit  of  joint  description  because 
ihey  are  grouped  togetJier  with  other  descriptions  of 
horny  matter  which,  reveal  chemical  characters  approxi- 
mating  both  to  tliose  possessed  by  oix3iuary  albuminoids 
and  8o-cal]e<l  gelutigenous  substances.  Both  nails  and 
hair  may  be  viewed  as  metftraorphosed  epidermal  tissue. 

The  Nails, — The  bed  of  the  nail  consists  of  a  vas- 
cular integument  covered  with  growing  epidermic  cells, 
which  flatten  as  the  nai]  grows  upwards  and  form  the 
continuous  horny  plate  of  the  nail  proper.  The  naiU'i 
grow  from  below  and  behind. 

The  following  analysis  of  human  nails  is  by  Mulder : — 

o. -   aoK 

H. -     0-9 

If.      ....-....-   ir-3 

& -       3-S 

O. -     22-3 

The  Bair,  like  the  nails,  is  composed  of  coalesced 
homy  cells,  but  from  the  fact  that  the  hair  sac  is  in  com- 
munion with  sebaceous  glands,  it  is  thus  kept  supplied 
with  a  sort  of  natural  pomatum  ;  '  moreover,  delicate  un- 

*  SeeSimou'a  Aniptnl  C%rtt*i4try  {Di,  Day'e Ennlich  editioo);  VnnBibni** 
worlt  cndtled  CAemtarAf  l'ntemrhi»n^n%  uber  Hit  Knochtn  vnd  ZHStu  4ti 
JittmteXm  uttd  dtr  WirMlAiert ;  aad  Fntoy't  pap«r  in  Attnaln  d*  V/kmrn, 
m.  iliU.  47. 

zS 
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Striped  muscular  6bres  are  so  connected  with  the  hair 
as  to  cause  it  to  pass  from  its  ordinary  oblique  poeitic 
into  one  perpendicular  lo  the  skin  when  they  contmct] 
(Huxley).     These  delicate  muscular  fibres  contract 
limes  under  the  ialtuence  of  extreme  terror,  imd  tlit 
give  ri&e  to  the  *  standing  of  the  hair  on  end,'  a  pheEKv" 
Tnenon  which  fiirther  demonstrates  that  even  the  hair  ia 
iu  proper  communion  with  the  uer\'ous  system. 

The  following  analyses  of  hair  illustrate  its  comj 
lion : — 

eebmr.  Tern  Bam. 

00-03 
6-61 
17-OS 
Sl'ftl    Id  aome  iipeciiuena  of  r«d  loir  i 


T«a  tMT. 

c.   . 

60-OS 

n.  . 

QM 

K.    . 

1714 

a  .     . 

frOO 

0.   . 

30-81 

Hiur  also  contains  from  075  to  2  jwr  cent,  of  ash, 
consisting,  according  to  Van  Lacr,  of  chloride  of  sodium, 
sidphate  of  calcium  and  sulphate  of  magnesium,  phos- 
phate of  calcitini,  ferric  oxide,  and  alica.     He  cousiden 
that  tlie  iron  Is  chemically  combined  with  the  organic 
matters  and  generally  amounts  lo  about  04  per  cent  ;, 
calculated  upon  the  hair.    It  is  just  posttiblc  that  tl^| 
sulphates  which  lie  found  in  the  ash  were  produced  i^ 
the  ignition  of  the  hair  by  the  oxidation  of  the  sulphl 
iu  the  presence  of  bases. 

It  is  not  clearly  determined  how  far  the  colour  of 
hair  dei)enils  upon  cliemlcal  composition,  or  upon  the 
uAture  and  quantity  of  the  natural   animal  fluid  whic 
bathes  it,  or  upon  the  ultimate  molecular  arrsingemi 
of  ihe  hair  substance  itself 

Tho  tHilour  of  the  hair  is  affected   by  various 
uUlic  aud  other  solutions,  and  the  presence  of  sulphl 
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is  supposed  to  be  associated  with   the  cause  of  such 
changes. 

Scherer  and  Van  Lfier  state  that  by  extracting  hair 
with  alcohol,  ether,  and  water,  they  succeeded  in  obtain- 
ing raargarin,  inargaric  acid,  olein,  a  brown  soluble 
matter,  chlorides  of  fjotaasiuiu  and  sodium,  and  lactate  of 
aimnoniuTTi. 

Although  the  com]M>sttion  of  hair  aud  uails  is  nearer 
[to  that  of  ordinary  gelatin  than  albumin  pro]tpr»  yet  the 
I  reactions  of  these  matters  are  more  closely  allied  to  the 
latter.  They  are  stained  yellow  by  nitric  acid,  become 
soft  when  heated,  and  when  burnt  give  off  a  pecidiar 
odour.  The  sulphur  is  parliaUy  removed  by  treatment 
with  caustic  alkalies ;  and  the  alkahne  solutions  thus 
obtained,  when  neutralised  by  acids,  give  an  albuminous 
sort  of  precipitate.  The  cells  and  nuclei  of  hair  and 
nails  ore  rendered  visible  by  carefiil  treatment  with  a 
strong  solution  of  potash. 

W.  R.  Hodgkinsou  and  H.  C.  Sorliy  have  published ' 
an  interesting  note  on  *  pignientum  uignun,*  or  the 
black  colouring  matter  of  hair  and  feathers.  Colourlesa 
hair  and  feathers  dissolve  entirely  to  coloiurless  solutiona 
rhen  boiled  with  dilute  sulphuric  acid  ;  but,  on  the 
other  hand,  when  they  are  black  or  brown  they  yield  a 
brown  or  red  solution,  aud  leave  an  undissolved  black 
amorphous  substance  approximating  in  composition  to 
albimiin.  The  feathers  of  the  common  rook  are  stated  to 
the  best  source  of  this  pigment,  but  unfortunately  the 
authors  do  not  explicitly  state  which  substance  they 
allude  to.  Whether  therefore  they  are  treating  of  the 
)luble  or  insoluble  principle  is  left  undecided,  but  they 

'  Journ.  Cfttm.  Soe.  AprU,  1877. 
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probably  refer  to  the  insoluble  principle  in  the  folloi 
ing  analyses : — 

A  m«An  of  10  «nnlv*«a  of  pigment  from  Mv«nl 

■peci««  of  corvua,  ge.f«  .  C.  fi6'4;  II.  4-2&;  N.  99) 

Ckoan  nlba  (mefiii  erf  two)  gsva      .        .        .  C.  66*6 ;  11  4-8 ;    N.  8<S 

Comispica       „      n     „      „        ...  C.4I>-St  H.  4*8;    K.  7-S 

The  simplest    fonnula  to  be  derived    from    the9e_ 
analyses  is  C^HgNO^ ;  the  substance  is  probably  a  derivi 
tive  of  albumin,  aad  of  much  greater  complexity  ths 
this  formula  indicates. 

Cartilage. 

Cartilage  is  the  name  given  to  the  white,  homyt 
elastic  substance  of  which  the  articular  extremities  of 
bones  are  corajiosed.     It  contains  from  3  to  6  per  cent 
»f  saline  matters,  and   by  long  boiling  with   water 
trausformeU   into    choudriu — a  tremulous  jelly — simUar* 
to  gelatin  in  many  respects.     It    is,  however,  insoluble 
in  acetic  acid,  and  when  boiled  with  hydrochloric  acid^^ 
yields  sugar.     The  transparent  cornea  (hyaline  vaiiety^H 
*  the  rings  of  the  trachea,  the  elastic  parts  of  the  ears, 
nose,  and  eyelids,  and  the  flexible  proloogatlons  of  tht 
ribs,  urt!  also  composed  of  the  same  material'  (Miller] 
Cartilage  is  subject  to  a  process  which  ends  in  ossiQcatioi 

Connective  and  Elastic  Tissue. 

Connective   tissue   (also   called   jihrowf^   areolar-,    o! 
asUuiar)  connects  the  various  organs  of  tlie  body  toge- 
ther, forming  teudons,  fascise,  ligaments,  skin,  &c. 
It  consists  of  bands  or  cords  or  sheets  of  a  wavy  fibroi 
appearance  (under  the  microscope).     According  to  Thu- 
dicliuni  it  is  soaked  with  potassium  albumin,  and  is  th» 


CONNECTIVE   TISSUE  AND    EAK   WAX. 


343 


ribed  * :  '  It  consists  of  fibres,  of  a  cement  uniting 
these  to  a  tissue,  of  colU  or  so-called  corpuscles,  and  is 
iiitersijeraed  with  elastic  fibres.'  The  cement  dissolves 
in  lime  water  or  baryta  water,  and  from  tliese  solutions 
acetic  acid  reprecipitates  mucin  or  a  substance  identical 
■with  the  constituent  of  the  salivary  glands  and  described 
under  that  name.  Mucin  resembles  cliontlrin  (of  the 
^cartilages)  iu  so  far  that  by  boiling  with  dilute  acids  it 
slds  sugar ;  it  is  also  a  good  source  of  tyrosine,  yield- 
ing 7  per  cent,  of  tliat  substance. 

The  fibrillBc  of  connective  tissue  yield  gelatiu  when 
boiled  sufficiently  long  with  water  or  when  treated  mth 
acetic  acid,  in  whicli  solution  they  swell  up  and  become 
trans]>arent.  The  filamcntiJ  of  elastic  tissue  resist  this 
treatment. 

Elastic  tissue  predominates  in  the  yellow  ligaments 
of  the  vertebrtc,  the  sarcolemma  of  the  muscular  fibres, 
and  neurilemma  of  thu  nerves. 

The  cells  or  corpuscles  contain  protoplasm.  This 
latter  is  frequently  stained  with  pigment  of  a  black  or 
brown  colour,  as  iu  the  choroid,  the  iris,  bronzed  skin 
disease,  freckles,  and  more  particularly  and  naturally  in 
the  negro  skin.  It  is  not  unlikely  that  this  colouring 
matter  is  similar  to  that  of  hair  and  feathers. 


Ear  Wax,  or  Cfntmen. 

This  substance  is  secreted  by  the  glandulw  ceruim- 
^fwsce,  'situated  in  the  external  skin  of  the  meatus  audi- 
torius  extemus'  (Simon). 

£ar  wax  is  a  yellowish  muss  made  up  of  variously 

*  ChtmiisU  Ilij/notoffi/,  p.  43. 
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grouped  lamcUee  containing  some  pavement  epithelium,' 
Besides    these  it    contains  fnt    ve&icles  and   sometimes 
rhombic  crystjils  resembling  oholesterine  in  appearance. 
The  yellow  colour  is  the  property  of  that  part  of  the 
wax  which  i^  st^luble  in  water.     The  hi  which  Berzc 
liua  extracted  from  cerumen  by  ether  contained  stearii 
and  ok'in,  and  guve  (by  proper  treatment)  a  mixture 
fatty  acids  which  iueed  at  104*  P.    The  yellow  matK 
may  be  extracted  by  alcohul  from  the  fat-freed  mass ; 
gives  to  the  alcohol  its  colour,  and  is  of  a  bitter 
and  unascertained  composition.     Its  aqueous  solution  is 
precipitable  by  acetate  of  lead  and  chloride  of  tin.     £e 
wax  also  contains  a  matter  insoluble  in  ether,  ulcohc 
and  water,  and  thia,  nest  to  tlie  fiU,  is  its  largest  con- 
stituent; it  may  be  albuminous  in  nature.    Lactate  o£_ 
calcium  is  said  to  exiat  also   in  this  accretion,  but  n^ 
chlorides  or  phosphates  are  present. 
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CHAPTER    XVH. 


OTHER  FLUIDS   OF  ANIMAL  OEIODT. 


Milk. 

Milk  is  the  name  given  to  the  fluid  secreted  by  the 
mammary  gland  of  mammalia^  and  is  of  special  interest 
from  the  fact  that  it  sen'es  aa  sole  nutriment  to  the 
young  mammal.  It  has  a  bluish  white  appearance  and  a 
specific  gravity  ranging  from  1Q18  to  1045.  When 
fresh  it  is  of  alkaline  reaction. 

Milk  really  consists  of  a  clear  fluid,  in  which  float  a 
large  number  of  globules  of  a  diameter  ranging  between 
0-0012  and  0-003  inch.  These  globules  contain  fat  and 
are  enveloped  in  a  thin  mtmilirane  of  caseous  or  albumi- 
nous structure,  so  that  milk  does  not  give  up  its  fat 
to  ether,  unless  the  membrane  of  the  globules  ia  first 
broken  by  treatment  with  acetic  acid  or  potash.  It 
yields  about  10  per  cent,  solid  residue  and  from  01  to 
0-5  per  cent.  ash. 

When  allowed  to  stand,  the  fatty  portion  rises  to  the 
top,  forming  'cream;'  and  it  may  be  incidentally  men- 
tiwied  that  churning  has  for  its  object  the  mechanical 
breaking  up  of  the  little  sacculi  to  which  allusion  has 
been  made  above. 

Milk  contains  a  peculiar  kind  of  sugar  termed  milk 
sugar,  which  under  certain  conditions  of  fermentation 
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(al  40^  C)  is  in  part  resolved  iuto  lactic  acid,  and  Uie  resl 
into  grape  sugar,  which  in  its  turn  becomes  converted 
into  alcohol.  Koumh — a  fermented  liquid  consumed 
by  the  Tartars — is  made  by  this  process. 

Milk  also   contains  casein  (a  form  of  albumin  con- 
taining alkalies  in  combiuatiou)  and  various  salts  includ-  fl 
ing  chlorides  of  sodiimi  and  potassium^  phosphates  of  the  " 
alkalies,  phosphates  of  calcium  and  magnesium,  and  a 
quantity  of  feme  oxide,  amounting,  according  to  Haidlen, 
to  about  0*47  per  cent,  of  the  ash  of  milk. 

Milk  coutiiina  from — 

S    to  4  per  cent.  cs£«to 
1-6  „  4        „       fat 

4  „  6  „  llKtOM 

That  from  woman  contains  about  0'2  per  cent,  salts, 
and  that  from  cows  about  0*7  per  cent,  salts. 

But  the  composition  of  milk  varies  somewhat  accord-' 
ing  to  the  animal,  the  period  of  lactation,  the  food,  and 
so  forth. 

The  following  table  exhibiting  the  compositiou  of^ 
different  kinds  of  milk  is  taken  from  Miller's  '  Chemis- 


Coiutltaanlii. 


Water      . 
Buttei 

Sugar  and    Kilublo 

mhs      . 
Cascm  and  inAolii'blo 

«alt« 
Specific  graTityrarieA 

6aiii     . 
to     . 


Watua 


88-0 
2-6 


1^ 


Cow 


1-03 
1-086 


OMt 


820 
4-6 


1-030 


Am 


1023 
1036 


fltetp      Bhaft 


1-035 

1-041 


063 
141} 


i-osa 

l-OM 


someH 


Milk  is  not  cor^lated  at  100",  altliough  at  this 
perature  a  pellicle  of  casein  iu  combination  with 

'  Vol.  Ui.  (thud  edition). 
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salts,  forms  ou  the  surface.  It  k  coagulated  by  miQeral 
and  other  acids,  aiid  the  casein  may  be  precipitated  out 
by  means  of  a  solution  of  chloride  of  calcium. 

Cokmirum  is  tlie  niilk  wliich  is  first  proiluced  after 
birth  of  the  young  auimial.  It  has  a  yellowish  colour, 
and  contains  granular  bodies  consisting  of  irregular  aggre- 
gations of  small  fat  globules  united  by  an  albuminous 
substance.  The  quantity  of  albumin  in  the  culostrum  of 
the  cow  is  so  considerable  that  it  coagulates  when  heated. 

Colostrum  is  denser  than  ordinary  milk,  its  specific 
iTity  varying  from  1045  to  1050,  and  approaches 
serum  in  quality ;  in  fact,  as  regfird.s  its  chemical  com- 
positiou  it  may  be  viewed  as  ordinary  milk  concentrated 
10  a  considerable  extent. 

The  properties  of  lactose  are  described  in  another 
chapter. 


Seminal  Fluid. 


The  seminal  fluid  is  the  secretion  of  the  testicles,  an' 
constitutes  a  thick,  milky,  glutinous  liquid  of  a.  peculiar 
odour  and  of  alkaline  reaction.  It  consists  of  a  clear 
fluid,  containing  in  suspension  a  number  of  minute  mole- 
cules known  as  spermatozoa  or  seminal  animalcules. 
iThese  formations  occur  in  the  seminal  fluid  of  all  animals, 
but  difler  somewhat  in  form ;  in  man,  they  assume  an 
elliptical  shape,  and  are  also  associated  with  other  granular 
cori>U8cles  of  a  rounded  aiipearance.  The  spermatozoa 
•posasea  a  curious  kind  of  spontaneous  raoUou,  which 
hbecomcs  lost  on  treatment  with  various  chemicjil  reageota. 
They  are  soluble  in  strong  alkaline  carbonates. 

Before  emission,  semen  is  mixed  with  the  secretion  of 
le  prostate  and  Cowper's  glands,  and  hence  Uic  natural 
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difficulty  of  obtaining  it  for  chemical  examination  is  ren- 
dered still  greater.  A  quantity,  however,  may  be  col- 
lected by  extractiug  the  tubuli  seminiferi  from  the 
testicles  of  animals  in  the  rutting  season  and  squeezing 
out  ihe  contents. 

As  thus  obtained  it  contains  about  86  per  cent,  wat 
and  14  per  cent,  of  .stilids.     Of  the  nature  of  these  8oli< 
but  little,  unfortunately,  is  kno^vn,  and  it  is  impossible 
judge  how  far  chemistry  may  be  concerned  in  the  recU 
procal  changes  that  occur  in  this  fluid  and  the  ovum 
be  fructified  during  impregnation. 

Nevertheless,   its    chemical    composition,    has   been' 
ascertained  in  some  measure.     When  allowed  to  stnndj 
it  becomes  clear  and  is  then  soluble  in  water,  or  alraostj 
entirely  so,  whereas  when  recently  discharged,  water  seems 
to  have  a  coiiguluting  efiect  upon  It  (in  some  respects  like 
that  of  alcohol). 

Seminal  fluid  contains  a  certain  amount  of  alburainoi 
principles,  together  with  some  extractive  matters,  fat,  nm 
sails.  Among  the  organic  matters  phosphorised  priiici-' 
pies  occiu".  In  short,  semen  apj>ear3  to  be  a  kind  of 
oi^anised  matter  containing  the  first  seeds  of  all  that  \a\ 
essential,  when  aided  by  a  selective  power  and  a  propci 
medium,  to  develope  into  a  living  creature.  Hence  it  is  to] 
be  regretted  that  its  chemical  compoation  is  known  with] 
80  little  precision. 

Mucus. 

All  the  internal  parts  and  cavities  of  the  body  wl 
communicate  with  the  external  surface,  such  as  the 
mentary  canal,  are  lined  with  what  is  called  mucflus  jnein-l 
brane,  and  this  is  kept  moist  by  a  fluid  termed  mucus. 
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Mucua  13  a  more  or  less  teuadous  fluid,  of  a  semi- 
traasparent  glairy  appearance ;  it  swells  up  in  water,  but 
IS  not  dissolvetl  thereby. 

The  Huid  differs  in  many  of  its  characters  according 
to  the  part  of  the  body  which  yields  it. 

The  substance  which  gives  to  it  the  glairy  appearance 
alluded  to  ia  mucin,  a  form  of  albuminous  matter  free 
from  sulphur  and  very  much  like  '  pyin '  in  itii  proper- 
ties, excepting  that  it  is  soluble  in  excess  of  acetic  acid. 
Mucin  is  precipitated  from  its  solutions  by  alcohol,  axu 
by  dilute  acids  (not  in  excess),  but  it  is  not  precipitated 
by  heat,  tannin,  mercuric  chloride,  or  lead  acetate. 

Mucus  contains  corpuscular  elements  which,  under 
favourable  conditions,  may  be  seen  to  transform  them- 
selves into  epithelium  cells,  a  number  of  which  are  gener- 
ally contained  in  the  fluid. 

Mucus  also  contains  small  quantities  of  fijt  and  extrac- 
tives, the  chloride.1  and  lactates  of  potassium  and  sodium, 
a  little  carbonate  of  sodium,  and  a  trace  of  phosphate  of 
calcium. 

Nasal  mucus  contains  much  chlorides  of  the  alkalies, 
and  the  phosphates  of  the  alkalies  are  also  present. 

The  following  analysis  of  nasal  mucus  is  due  to 
Berzelius : — 

Water flaS-7 

&[iiciii 63-8 

Alcohol  extract  nnd  nlkaline  Inctntes    .         .        .  S4 

Cbloritlef  of  tU  tlkali^t 5-6 

Water  extract  +  tnee  of  aolable   albutnin  and 

phoBphatM 3*6 

Sodium  eomlMned  with  mucus     .        .       *        .  3*9 

Nasal  mucus,  bronchial  and  pulmonary  mucus,  mucufl 
from  Uie  iulestiaol  canal,  gall  bladder,  urinoiy  bladderJ 
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&c.,  all  present  certain  difiercnces,  while  the  main  charac- 
ters fire  identical. 

It  has  its  morbid  states,  and  when  purulent  is  like  pusj 
in  many  res[>ects. 

Liquor  Airmii. 

This  secretion  of  the  female  generative  or^ana,  or] 
fluid  of  the  mammalian  o^nim,  surrounds  the  foetus.    It  ial 
clear,  colourlei<s,  of  an  alkaline  reaction,  and  has  a  specdfiel 
gravity  of  about  1006.     The  solid  constituents  are  leas! 
than   2    or   3   per  cent.,    and   among  these  are  albu- 
minous matters,   sugar,   urea,   lactic  acid   (?),  sodium 
chloride,  maf^nosium  phosphate,  and  other  salts,  iuclud- 
ing  sulpliate  and  phosphate  of  calcium.     Some  obsorvera: 
also  state  they  have  observed  the  presence  of  fatty 
extractive  principles. 

Allantoic  Fluid. 

The  allantoic  fluid  is  characterised  by  the  presence 
a  peculiar  ingredient — allantoin,  ^vhich  is  a  derivative 
uric  acid,  and  may  be  prepared  therefrom  artificially. 

AUariiain^  C4TrflN03,cryj*talHses  in  glassy  prisms  and  in 
soluble  in  water.  By  treating  uric  acid  with  a  dilute 
solution  of  acetic  acid  and  addition  of  peroxide  of  lead, 
allantoin  is  formed  and  may  be  crystallised  out  from  the 
solution. 

Si/twvia, 

The  origin  of  synovia  is  not  ascertained,  but  its  pur- 
seems  to  consist  in  the  lubrication  of  the  cartilage 
snrfaccs  of  joints.  It  contains  about  94  per  cent,  water, 
S'5  percent,  albumin,  06  per  cenu  of  mucin,  and  1  per 
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cent.  ash.  It  is  of  alkaline  reacUon,  and  from  its  diluted 
aqueous  solution  the  albumin  may  be  precipitated  by 
means  of  acetic  acid. 

Id  the  disease  called  hydrarthoD,  a  great  excess  of 
G^ovia  collects  in  the  joints. 


The  Tears, 

The  glandults  lachrymaUs  secrete  a  thin  liquid  which 
serves  the  purpose  of  preserving  the  cornea  of  the  eyes 
in  a  moist  state.  When  pungent  vapours  irritate  the 
conjunctiva,  or  when  painfiil  or  pleasurable  emotions 
arise  in  the  mind,  '  the  lachrymal  gland  exceetls  the 
drainage  power  of  the  lachrymal  duct,  and  tl»e  fluid 
acciunulating  between  the  lids  at  length  overflow.s  iu  the? 
aliape  of  tears'  (Huxley).  So  the  poet  who  exclaims, 
*  Tears,  idle  tears,  I  know  not  whence  they  come,'  is 
but  imperfectly  acquainted  with  the  subject  I 

The  tears  consbt  of  water  containing  a  few  particles 
of  pavement  epithelium  and  a  few  mucous  corpuscles. 
They  are  of  alkaline  reaction  and  have  a  saline  taste,  but 
the  total  solid  constituents  amonnt  to  only  1  per  cent., 
and  these  are  chiefly  common  salt  and  a  yellowish 
extractive  matter  which  seems  to  be  of  similar  nature  to 
the  aqueous  humour. 

Of  the  secretion  of  the  meibomian  glands,  or  gummy 
secretion  of  the  eyea  as  it  is  called,  we  have  no  know- 
ledge. 

Pus. 

Pus  is  a  pathological  fluid,  and  may  Ix;  produced  by 
violent  irritation  of   the   mucous    membrane.      Simon 
its  out  that  irritation  of  a  mild  character  ouly  pro- 
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duces  an  iucrease  in  tlie  secretion  of  mucus,  wliile  an 
increased  excitation  causes  suppuration  and  consequent 
pruductiou  of  pus. 

This  fluid  ulso  fonns  in  other  and  distinct  parts 
of  the  body,  after  pre-existiiig  inflammation  and  conges- 
tion, and  to  some  extent  its  composition  differs  with  the 
scat  of  formation  and  other  conditions. 

Pus  consists  of  two  parts,  a  kind  of  serum  or  '  liquor 
purls,'  and  corpuscular  elements  resembling  the  white 
corpuscles  of  bloocl,  and  almost  indislinguisliable  from 
mucus  corpuscles.  When  pus,  however,  is  treated  with 
ammonia  it  is  said  to  become  very  tenacious  and  jelly- 
like,  while  mucus  exhibits  this  character  in  a  less  degree. 

The  corpuscles  of  pus  are  larger  than  those  of  blood, 
and  consist  of  a  granular  cell-membrane  enclosing  granu- 
lar matter  in  a  viscid  liquid,  and  containing  a  Duclcus 
adhering  to  the  membrane. 

The  corpuscles  by  suitable  treatment  yield  myosin  (an 
albuminous  principle  present  in  striated  muscular  tissue). 
They  also  yield  another  albuminous  subrstonce  termed 
*pyin,*  but  whether  it  has  a  real  peculiar  individuality 
seems  doubtful.  It  may  be  obtained  by  shaking  the  cor- 
puscles with  a  10  per  cent,  solution  of  common  salt, 
which  dis.solves  out  the  myosin  (this  is  preinpitated  from 
the  salt  solution  by  much  water).  The  insoluble  part  id 
then  digested  with  dilute  hydrochloric  acid,  filtered,  and 
the  filtrate  exactly  ueutrahsed  with  soda,  when  *  pyiu '  ia 
precipitated.  In  fact,  *  pyin '  seems  to  be  identical  with 
the  90-oalled  *nuclein,'  to  which  allusion  has  been  made 

dtaevbcre. 

Pnn  is  precipitated  from  alkaline  solutions  by  acetic 
ftn&f  ml  V  M*  dissolved  by  an  excess  of  the  precipitant. 
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;  other  hand,  if  liydrochloric  acid  be  uaed,  k  is  re- 

dwsolved  by  an  excess.     From  the  hydrodiloric  solution 

is  not  precipilAted  by  ]>ota5sic  ferrocyauide. 

The    '  liquor  puris '  seems  to  coutaio  a  variety  of 

^albuminous  matters,  the  chief  ones  being  paraglobulin, 

^D,  aiid  seralbumin.    (See  Chapter  on  Blood  Chemis- 

Pus  lias  geuerally    a  feeble  alkaUue  reaoLioa,  but  ia 

[Bometimes  acid  and  at  other  times  neutral.     The  solid 

[luattei-8  contained  in  pus  amount   altogether   to  about 

LO  or  15  per  ouut.,  and  ito  ash,  whicli  contains  about 

!2  j>er  cent,  of  sodium  chloride,  is  almost  identical   in 

[composition  with  tliat  of  blood,  except  that  it  contains 

lore  potassium. 

It  contains  a  phosphorised  organic  principle  attached 
[to  the  corpuscles,  and  this  is  perhaps  identical  with  that 
ttnined  in  blood  corpuscles.  During  decom|x>sttiou  the 
Fpreaeuce  of  palmitic,  stearic,  and  oleic  acids  is  observed' 
and  these  no  doubt  result  &om  a  splitting  np  of  tlie 
phoaphoriaed  principle  above  alluded  to.  (See  Brain 
Chemistry.)      These  phosphorised  principles   are  easily 

P resolved  into  their  proximate  nuclei  by  a  process  of 
hydration,  and  such  a  process  inevitably  occurs  when 
they  are  allowed  to  stand  in  the  presence  of  changing 
H  albuminous  matters  and  iu  coutact  with  water.  Pus  alao 
H  contains  cholcstcrinc. 

B       Again,  decompotdng  pus  yields  volatile  fatty  acids, 

while  the  healthy  fluid  is  free  from  them.     They  are 

K  doubtless    products    of   ondatiou    of    the   albuminous 

^  matters,  or,  in  other  words,  products  of   putrefaction. 

Similarly,  the  presence  of   leucine,  tyrosine,   xanthine, 

urea,  and  uric  acid,  &c.,  may  be  also  accounted  for.  That 

A  A 
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is  to  say,  *  putrefaction '  is  the  expression  by  whi< 
we  indicate  a  number  of  changes  in  progress  in  orgam^ 
matters;  changes  which  are  in  the  first  place  of  a  clj^^ 
racier  induced  by  the  fixation  of  the  elementa  of  water, 
and  ultimately  of  a  character  resulting  from  the  additi^H 
of  oxygen.  These  changes  are  initially  due  to  such  mi^ 
croscopic  forms  of  life  iia  bacturia.  (Sec  Chapter 
Putrefaction,  &c.) 

These  considerations  make  this  a  fit  place  for 
mention  of  the  antiseptic  treatment  of  wounds  now  so 
much  in  vc^c.      It  is  known  that  if  pus  in  a  sti^ri 
of  decomposition  be  allowed  to  be  absorbed   into  Ih^ 
lymph  or  blood  it  sets  up  acntc  pathological  processes, 
snch  as  sejrticaimia  and  pyiemia,  which  sometimes  end 
iatally.      The  antiseptic  treatment  of   woim<ls  aims  at 
preventing  such  catastrophes  by  preventing  the  decom- 
position of  the  pus  by  the  proper  applications  of  cei 
reagents  which  cither  kill  the  germs  whicli  cause 
initial  changes  in  pus,  or  else  render  them  inactive, 
doubt,  the  good  results  arising  from  tliis  treatment 
in  great  part  due  to  mere  cleanliness,  for  if  the  pus  be 
washed  off  before  it  has  time  to  decompose,  similarly 
satisfactory  results  are  attained. 

In  cases  of  jaundice,  pus  sometimes  contains  bilii 
acids  and  colouring  matters,  while  in  diabetes  it  sor 
times  conta'ms  sugar. 

'Blue  pus'  derives  its  colour  (so  it  is  said)  from 
Wnd  of  vibrio  which  yields  its  pigment  to  chlorofor 
This  colouring  matter  ia  crystalline  and  is  named  *  pyo- 
cyanine,'  but  whether  it  is  really  derived  from  the  alleged 
source  is  by  no  means  clearly  established. 

In  the  pus  from  abscesses,  cases  of  phosiihorus  pob 
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ing  and  xilcerated  cancers,  there  is  contained  a  substance 
which  gives  a  rose-coloured  reaction  with  chlorine  wat^*, 
and  is  termed  chlorrhodinic  acid.  According  to  Thudi- 
chum,  the  same  substance  is  yielded  by  decomposed 
extract  of  pancreas  and  lymphatic  glands. 
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CHATTER  XVin. 


ILBTMINOUS   PEI.VCIPLES,  INCLUDING    PEPSIN   A>'D    PEPTONES. 

'hb  class  of  substances  known  in  chemistry  as  albumi- 

},  embraces  a  very  extensive  number  of  bodies,  which 

rhile  Uiey  have  certain  properties  common  to  tiie  whole 

lumber,  yet  present  certain  distinctions   one   from  tlie 

>thcrs.     They  all  contsiin  carbon,  hydrogen,  nitrogen,  and 

jxygeu,  and  some  of  them  also  contain  sulphur,  but  this 

not  an  invariable  constituent.     It  has  oflen  been  stated 

that  some  of  them  contain  phosphorus,  but  this  is  not 

ct ;  wherever  pliosphorus  is  present  it  arises  from 

)QtaminRtion  with  phosphates  or  some  such  organic  com- 

jinatiou  as  leiuLhine.     For   Instance,  F.  Miescher  *  has 

[described  a  constituent  of  the  nuclei  of  pus-cells  as  a 

:uliiir  albuminous  body  rich  in  phosphorus;  further 

ipers  in  reference  to  the  same  substance  obtained  from 

other  diirerent  sources  have  been  published  by  Lubavin,* 

P.  Plosz,*  IToppe-Seyler,*  S.  von  Jaksch,'  and  by 

r.  Miescher,'  who  claims  its  discovery. 

We  here   reproduce  the  percentage  composition  of 

lucleiu,  as  given  by  the  several  authors : — 

JainaierieAt  dor   TTuer-themis  fur  1874  Cutely).  bNSg  abftrMt  of 
If^CE  from  Hoppo-Sojler's  MmL  CAein.  UittemuAitnjfen,  IS71. 

*  JaArabericM  dtr  TMer-eJtemu  fur  1674  (IkUlv),  p.  3»7. 
■  Jbid.  *  IM. 

*  FQiiger's  AnMv.  toL  nil  p.  W&. 

*  JakrtabeneM  der  TUtr<he«tU/iir  1874  (Msl;),  337. 


3iSi*  have  in  a  reoenC 
iMbbhed  papers 
nininHtiorj.     Hit^ 

nitrogen^  and  so^ifaB'  «kc»il 

precjsflj  ihose  wioA  bdngt* 

impure  fomu  of  tSbmt^  Tk 

the  above   quoted  saa^jam  5n 

hile  tlic  cnrbon  raises  hULmma 

-?nt.  I    71u'  i)l):M:-nce  of  n^tkarB 

Mtf  is  rctuljty  oxj)IfliiHrd  fay  lfe6cc 

I  -juiic  preitiinitiuDi*  witb  caaHkal- 

the  iiul[iliur  from  manj 

.{wna  occurring;  iti  nil  c&ses 

^  prqnmtiotis,  and  Elogzett  and 

dl&«ie  (conUiiitiug  phospfaorns)  it 

.itwnt  of  eacli  of  tho  mattera  (rrm 

„j^m  derived,  but  that  the  mecbods 

of  this  flubstAiice  would  lave 

oriscd  pri  ndple  in  qucstioo. 

<>diiMrn  bj  otJK'r.'s  that  *  nuclem ' 

-^  lAaminoiis  substance. 

aually  regarded  as  the  stan- 
iY»;  other  albuminoids  being 

jf,^m  (Cwlwa),  JADuniy  1877. 
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classed  acconling  to  the  degree  in  which  their  propeities 
^are  like  or  unlike   to   those  of  this    substance.     Thxw 
i-we  have   the  albumin  of  serum  (seralbumin),  and  the 
other  nuKlifieil  principles  acoum[»anying  it  in  the  blootJ, 
as  well  as  those  which  fonn  the  solid  substance  of  most  of 
the  animal  organs  and  tissues,  including  those  of  a  bony, 
cartilaginous,  elastitr,  fibrous,  cellular,  horny,  and  cpi- 
I  dermic  character.     Again,  there  are  the  various  albu- 
minous matters  constituting  much  of  the  solid  parts  of 
bntfi,  and  entering  into  the  composition  of  their  juices, 
ind  finally,  those  modified  principles  derived  from  albu- 
Imin  and  albuminous  in  character,  viz.  pepsin  and  pej>- 
[  tones. 

Albuminous  matters  seem  to  depend  upon  plant  life 
ffor  their  synlhetical  production,  although  the  steps  hy 
[■which  they  are  ultimately  formed   must  be   many  and 
[complicated :  of  their  nature  we  have  but  Uttle  know- 
ledge.    Tlie  herbivora  derive  tlium  from  vegetables  in 
ih\ch  they  are  contained,  and  camivora  from  the  animal 
[food  of  which  they  partake.     Thus  by  such  processes  of 
lodification  as  are  brought  about  in  the  digestive  appa- 
ratus, these  albuminous  princij)Ici4,  primarily  of  vegetable 
origin,  become  part  of  the  animal  body.    So  far  therefore 
as  albumin  is  concerned,  but  only  so  far,  animal  life  does 
not  embrace  a  wide  synthetical  function,  but  rather  one  of 
analy^s,   for  in  animal  life,  albumin  is  worn  down  or 
broken  up  into  simpler  products  which  are  eliminated  in 
the  excreta.     But  it  has,  however,  the  power  of  modifi- 
catloD  and  transformation  ;  thus,  for  instance,  the  casein  of 
,  woman's  milk  becomes  ultimately  muscular  tissue  or  fibrin, 
id  helps  to  produce  whole  aenea  of  organs  and  tissues 
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each  and  all  of  which  contaia  albununous  principles  of 
a  comnioa  origin  but  diflereut  properties. 

The  priuciples  of  which  we  are  treating  are  often 
divided  into  two  groups,  viz.  the  albuminoids  and  the 
gelatigenous  principles,  but  this  is  a  somewhat  arbitrary 
and  needless  distinction,  for  there  can  be  no  doubt  that 
botli  groups  are  at  least  referable  to  a  common  type. 
To  understand  this,  it  will  be  well  to  anticipate  a  future 
chapter,  and  briefly  illustrate  our  meaning  by  a  com- 
parison. The  genera!  constitution  of  any  fat  may  be 
represented  as  follows  : — 


C.H, 


II[0  -inb^tituted  by  x  ndicloof  k  htiy  ftcid. 
LIU  II  »  X       ■•         II       ■•      ■ 


that  is  to  say,  as  a  iridynaraic  alcohol,  in  which  the  three 
hydroxyls  are  substituted  by  a  common  radicle  or  by 
three  different  ones.  Again,  in  the  brain  mutter  there 
are  found  many  principles  of  exceeding  complexity,  and 
yet  all  referable  to  a  common  formula,  which  may  be 
expressed  thus : — 

( HO substdtuted  bjr  the  roaidue  of  a  tatty  acid  ndielo. 

C|Hj  i  HO „  „         )i      ti     >t        H 


(HO(0rO)O    QUO 


&□  ftnuua. 


The  two  primary  hydroxyls  may  be  replaced  by  the 
residues  of  palmitic,  oleic,  stearic,  or  other  fatty  acids, 
while  the  subsidiary  hydroxyl  in  the  larger  group  (pho6- 
phoryl),  admits  of  substitution  by  the  residue  of  an  am- 
monium base.  Thus  all  compounds  of  the  kind  under 
consideration,  may  be  viewed  as  basic  derivatives  of  con- 
jugated glycerophosj)horic  and  fatty  acids,  and  while  the 
above  formula  includes  and  represents  all  possible  deriva- 
tives, it  particularises  no  one  individual.   No  matter  what  ■ 
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be  the  nature  of  the  two  fatty  acids  to  be  obtained,  or  the 
nature  of  the  ammoDium  base  resulting  on  decomposi- 
tion, they  all  give  glycerophosphoric  acid,  fatty  acids, 
and  a  base.  In  other  words,  among  the  products  of 
their  decomposition  there  is  one  certain  constant — viz. 
phosphoglyctiric  acid,  and  with  it  tlie  other  radicles  may 
enter  into  combination  without  respect  to  their  individual 
nature ;  they  have,  however,  a  form  in  common. 

In  like  manner,  when  more  shall  be  known  of  the 
decomposition  products  of  those  substances  more  par- 
ticularly here  the  subject  of  om- study — the  albimiinoids — 
it  will  then  be  possible  to  classify  them  all  by  one  general 
formula.  At  present  they  are  classified  in  the  crudest 
manner,  namely  in  accorilarico  willi  their  simplest  pro- 
perties, or  those  most  readily  perceived  ;  but  in  the  future 
they  must  be  classified  according  to  the  constants  pre- 
sented in  their  decomposition  brought  about  by  processes 
'hich  arc  calculated  to  split  them  up,  not  into  ultimate 
'constiLuents  but  into  proximate  nuclei,  or  those  groups 
which  it  may  be  supposed  in  their  combined  arrangement 
constitute  the  whole  larger  conjugated  molecules  of  the 
primary  substance. 

Already,  chemists  have  made  progress  in  this  direc- 
tion, and  that  {irogress  we  must  now  study,  merely  pre- 
mising, for  the  moment,  a  common  constitution  to  the 
albuminoids. 

The  processes  of  decomposition  best  destined  to  lead 
to  the  most  proClable  results  in  the  first  place,  are  those 
which  liave  been  applied  so  successfully  in  the  study  of 
feta,  and  those  phosphoriaed  principles  of  brain  matter 
to  which  reference  has  been  made.  These  processes  all 
perform  a  like  function — one  of  hydration — and  it  is 
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I         of  secondary  importance  whether  for  this  purpo«c  we 

I         lue  dilute  acida  or  alkalies,  or  even  water  at  high  tem- 

I         pcraturcs  or  under  pressure. 

^H  It  has  long  1x%n  known  that  when  the  white  of  ^gs 

is  boiled  for  some  hours  with  dilute  sulphuric  acid  or 
bor^-ta  water,  it  is  decomposed,  yielding,  among  other 
products,  ammonia,  n  volatile  sulphur  com{>ound  (again 
reeolvable  into  sulphur  and  sulphuretted  hydrogen  on 
treatment  with  adds),  oxyphenol,  amido- propionic  acid 
or  tyrosine  (C,H„NO,),'  and  amido-caproic  acid  or  leucine 

(c,H,;so,),'  &c. 

Braconnot  in  1820  also  showed  that  when  gelfttine 
is  subjected  to  lliis  process  it  yields  amido-accdc  acid, 
OTglycocine  (OjUsNO,). 

rErlenmeyer  and  ScliaeiTer  fouud  thai  most  albuminoid 
substances  give  tyrosine  and  leuciae.  Thus  working  mth 
fibrin,  atbiimin,  and  syntonin,  they  obtained  for  100  parts 
of  dry  matter — 


Fibrin 

Albumin 
Syntonin 


14  pfuU  of  laucine,  and  0-8  t>Toiiae 

18      It  •(  at     8*0  ■ 


Coaglutin  yiclda  glulainic  iicid  of  tlie  formula  CfiH,XO, 
while  legiimin  yields  Icgumic  acid,  C,Hi(N,0, ;  but 
this  liwt-named  product  there  is  some  doubt ;  Bitthat 
now  regnrUs  it  as  a  mixture  of  glutamic  and  aspartii 
aci<.k.  GlulJimic  acid  is  C(nT(NH,}0|.  Hlasiwetz  an* 
Uabcrwaun  have  found  '  that  most  vegetable  and  anim: 
pt\>teidfl  give  aspartic  and  glutamic  acids  by  boiling  witl 
<Kl\tl«  mineral  acids,  sucli  as  hydrochloric  acid,  ant 
(koomiKMitkm  of  the  producL<!  with  oxide  of  silver. 

*  U*Uf.  '  Braeoanot. 

*  OUn.  Ctntr.  167S,  p.  fiSA. 
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™  0.  Nasae '  has  determined  the  nitrogen  given  off  as 
ammonia  when  albuminoids  are  boiled  with  baryta 
Hwater,  and  has  amved  at  tlie  following  results  :  — Casein 
■17  per  cent,  of  its  total  nitrogen  ;  seralbumin  19  per 
^cent. ;  fibrin  20  percent.;  glutin  30  i>er  cent. ;  gdatin 

ilO  per  cent. 
In  later  papers'  the  same  author  gives  reasons,  based 
upon  experimental  data,  for  believing  that  syatonias 
(produced  by  the  action  of  acids  upon  albumiuoids) 
ore  merely  jartially  deeoniposed  products  of  albumins. 
Upon  coiitinuetl  treatment  with  hydrochloric  acid  they 
yield  ammonic  chloride,  leucine,  tjTosine,  glucocine,  and 
(as  shown  by  Hlasiwetz)  glutamic  acid.  It,  ahoiild  be 
imenUoued  that  Nasse  determined  the  total  nitrogen  con- 
tained in  albuminoids  by  means  of  combustion  with  M>da 
lime,  but  some  chemists  do  not  accept  this  metliod  as 
trustworthy.  0.  Nasse  concludes  that  one  part  of  the 
nitrogen  present  in  these  substances  is  in  combination  in 
a  fonn  similar  to  urea,  and  that  another  part  is  present 
I  like  the  nitrogen  in  kreatiniue,  uric  acid,  &c. 
H  In  gome  earlier  papers,'  P.  Schutzenherger  lias  shown 
Hthat  when  albumin  is  boiled  with  dilute  sulphuric  acid 
"  for  a  few  hours  it  gives  two  kinds  of  syntonin,  one  of  which 
he  names  hemiproteiu,  and  which  is  left  as  an  undissolved 
flaky  substance  ;  the  other  he  terms  hcmialbumin,  which 
lis  held  in  solution  along  witli  some  decompoaitioa  pro- 
fducts  resembling  sarkine. 

Schlitzenberger  has,  however,  more  especially  studied 
[the  action  of  bar3rta  upon  albuminoids  in  tlie  presence  of 


>  dm,  Cmtr,  1872,  p.  721. 

•  Pfliiger'B  Archiv.  «.  5W-01Q ;  nod  rii.  190-lGS. 

*  BuU.  Soc.  aim.  (2)  xxiii.  101-173. 
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water,  and  coouined  in  sealed  tubes  bcttted  to  temper- 
atures rangic^firmn  140^  to  200^0.  ^  theme  of  difietcnt 
temperatores,  or  by  stopping  the  actioQ  at  £feciii  times, 
various  crystallinaHf  and  other  bodies  are  observed  amoi^ 
the  prodiJcL<),  but  if  the  action  be-  ccmtinued  i^  to  a  cer 
tain  point,  there  is  an  umionnity  tn  the  results. 

ScbUtzeobctger  has  pdb&sbed  many  papers  upon  this 
subject,  and  below  we  give  the  references  *  to  theae,  while 
here  it  will  be  best  to  present  a  summary  of  his  ksuIc^. 
One  of  the  most  important  among  these  b  his  confir- 
mation of  Nasse's  opinion  regarding  the  urea-Uke  comfai* 
nation  present  in  albuminoids.  He  has  not  istJatcd  tirti^ 
bat  he  has  shown  that  carbonic  acid  and  ammonia  are 
obtained  in  the  proportions  which  signi^r  that  they 
may  be  derived  from  urea,  for  this  substance  is  ^lit  op 
by  baryta  into  these  products.  Traces  of  sulphurous 
aidiydride,  sulpliuretted  hydrt^en,  oxahc  and  acetic  aods 
are  also  found,  aud  2  or  3  per  cent,  of  tyrosin.  Besides 
these  subatanccs  there  are  observed  the  amido-aods 
of  the  series,  CnH,„+iNO„  from  amido-o&nanthylic  acid 
(CtH]^0,),  to  amido-propionic  acid ;  24  to  26  per  cexA 
leucine  (C«Hi,NO,);  butalanine  (C,HiiNO|),  and  amidc 
but3?ric  acid ;  one  or  two  acids  allied  to  aspartic 
glutamic  acids  (CjH^NO^  and  CHiNO.)  and  some  ad( 
analogous  and  similar  to  the  leguioic  acid  (C^H,4NjO«) 
of  Bitthausen;  also  a  small  c^uantity  of  dextrin-like 
substance. 

Among  the  new    products   recently   described 
Schutzenberger  is  a  substance  termed  by  him  tyroleucin," 

'  JIali.Soc.  Ckim.  Februsry  ir,,  Mnn^li  fi,  «nd  Marcli  16.  It*7fi;  IHd. 
8ept«ml>nr  IS7fi  (2)  xxW.  )4C-160;  Contpt.  Jimi.  Ixxx.  23^2-30;  Ibid. 
Iixxi.  I1(H  Mid  1191  i  IJnd.  UxxiT.  1S4-128.    Sfw  alira  hu  warh  on  Far- 
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QHiiNOj,  which  fiiacs  at  250'.     He  represents  some  of 
its  decompositions  iis  follows  : — 

c,n„yo,  -  n,o + c,u,no 

2C,H„N0j  =  00,  +  C,H„N  +  C,H, iHO,  (tuUlMiino). 

The  body  CsHnN  gives  a  crystalline  salt  of  the 
fonnultt  2(C,HiiN)2HC]4:*tCl,. 

Scimtzeuberger  has  represented  the  early  phase  of 
the  decomposilion  of  albuminoids  thus  : — 

or, 

(*)  0,aH.,^„O^  +  15H,0  -  0ON%n,  +  C  ,0,N^,  +  C^,0,  +  S 

(fi)  0„n,„N„0„S  +  1811,0  -  00,  +  4NH,  +  C,H,0,  +  OaH^O,  +  S 

*0„H,„N,.0„. 


or. 


He  speaks  of  the  Cjj  body  as  the  '  amidatcd  mixture/ 
and  regards  it  as  having  been  formed  by  the  action  of 
water  in  the  proportion  of  one  molecule  for  each  atom  of 
nitrogen  present  in  the  original  albuminoid.  Of  this  sub- 
Btance  25  per  cent,  ia  constituted  of  leucine  (C«Hi,NOj) 
and  Icuceinc  (CftHnNO,),  and  he  represents  its  lUtimate 
analysis  as  follows  : — 

C„n,^-,.0„  -  O.H^O,  +  O.II,NO.  +  ac.Ui.NO,  +  4C»H,„N0, 
+  BO.n,NO,. 

In  a  study  of  fibroin  from  silk,  Schiitzenbeiger  con- 
cludes that  it  diflers  from  ordinary  albumin  (1)  by  the 
nearly  total  absence  of  acids  of  the  series  C„Hfc,_jN04 
from  the  products  of  its  hydration,  (2)  by  a  far  smaller 
pro]>ortion  of  amido-acids  of  the  aciylic  series,  and  (3) 
by  tlie  fact  that  the  amido-acids  of  tlic  series  CoH^^iNOj, 
constituting  its  principal  mass,  are  the  inferior  homo- 
logues  of  those  predominating  in  albuminoids.    He  also 
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^{XHicludes  tliat  the  composition  of  sericin  is  not  very  fi^^^ 
lOved  from  that  of  Gbroin.  ^| 

It  cannot  be  dented  that  in  SchUtzenberger's  papers 
theory  ia  so  mised  ^th  faots  that  his  conclusions  can  only 
be  generally  accepted,  while  the  details  (at  least  in  many 
respecta)  call  for  further  elucidation.  It  wiU  yet  be  seen 
that  modern  researches  have  at  any  rate  given  some  con- 
aderable  support  to  Strecker's  view  of  the  albuminoids 
which  supposes  them  to  be  com|X)sed  of  a  great  number 
of  radicles,  but  that  each  variety  contains  one  or  mor<H 
such  radicles  peculiar  to  itself. 

The  derivatiou  of  amido-acids  from  albumin  and  th^H 
kuowledgc  of  the  tcudendy  exhibited  by  these  a^-ida  toH 
combine  with  cyanogen,  led  Oscar  Loew  '  to  make  some 
experinicnlB  with  the  view  of  ascertaining  with  how  much 
cyanogen,  albumin  itaelf  would  combine,  taking  Lieber- 
kuhn's  formula   CjsU,„N,«SOi,  as  representing  the  last- 
named  substance.     Tlie  experimeuta  were  conducted  by 
lending  different  quantities  of  cyanogen  gas  through  dif- 
ferent solutions  of  albumin,  aniUysing  the  sediments  which 
were  thrown  down  after  some  standing,  and  those  pro-fl 
duced  by  subsequent  additioji  of  acetic  acid.     Among 
other  substances  thus  obtained,  Loew  obtained  the  fol- 
lowing : —  H 

CriH,„TI,g30„,  or  albumia  +  one  molociilB  of  c7uiogeii  and  three  of^' 

wat«r. 
C„H,uN^Om,  or  ftlbumin  +  two  maI«culeior  cjutng«a  und  oight  of 


watflT. 


C|oU]4,Nk30„,  or  albuuin  -i-  four  raoleculet  of  cj«oog«o  and  aixteaa 
of  wator. 

He  also  obtained  other  substances  from  the  mother 

r 

Uquors,  which  appear  to  be  cleavage  or   decompo^tion 
products. 

■  /.  prac.  Oum.  (3)  xv^.  60-77. 
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Berthelt)t'   considered    that   albuminoid    substances 
were  complex  amides  fonncd  bv  the  union  of  amido-aciJs 

I  of  the  series  CaHi„^-,NO,  (such  os  glycocine),  of  tyrosine, 
certain  oxygenated  principles,  U)gRtiier  with  some  of  the 
acetic  and  some  of  the  benzoic  series ;  he  flirther  con- 
sidered that  chitin,  cboiidriu,  &c.,  contained  in  addition 
the  elements  of  glucose.   The  latest  researches,  and  parti- 
•  cularly  those  of  SchUtxeiiberger,  show  that  albuminoids 
are  formed  by  the  association  m  different  proportions,  of 
urea  and  amido-acid.  combinations  belonging,  some  to  the 
^leucine  series  (C„H5n+iNOs).   some  to   the  aspartJc  acid 
'series  (CuHj„_iNO.),  and   others   to  the   benzoic  series 
(such  aa  tyrosine) ;  it  is  from  tyrosine  that  benzoic  and 
paroxybenznic    acids   and  bromauil  are  derived  under 
certain  conditions. 
H        It  may  here  be  noted  that  in  some  cheinolytlc  expe- 
riments upon  albumin,  Thudicbum  obtained  an  alkaloid 
represented  by  the  eni))lrical  formula  C,IIflNO,. 

Both  Guckelbergcr'and  Schlicsscr"  have  investigated 
the  action  of  oxidising  agents  upon  albuminoids,  and  it 
■  lias  been  sho\rn  that  the  products  may  be  arranged  pretty 
■well  imder  the  acetic,  benzoic,  and  cyanic  series.  By 
acting  with  a  mixture  of  potassic  dichromate  or  manganic 
dioxide  and  sulpluuic  acid,  Guckelberger  obtained  the 
.following  products,  and  others  nut  so  well  identified  : — 


Formic  add 
AMtic       „ 

Butyric  „ 
Vftlorie  „ 
('«pnno    „ 


AoiUc  uldvliyd* 
l*TOpionio    „ 
Butyric       „ 


Bvozoic  acid 
Deoioyl  ftlddjde 

Hv-drocytuiic  Add 

Valwonitrile 


The  relative  amounts  of  the  different  products  vary 

)  Sm  Ilia  TreatiM  on  ViieaiiKUT-,  1B73. 
■  liebJs't  Annat.  Ldr.  39.  '  Ibid.  tix.  1. 
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with  the  nature  of  the  material  submittixl  to  oxidatioo,  and 
to  a  certain  extent  they  ore  of  a  secondary  characto', 
leucine,  tyrosine,  and  such  bodies  being  observed  only  in 
earlier  stages  of  the  reactioos.  These  results  agree  with 
those  obtfdned  by  hydration,  and  M  B«5champ  actually 
noticed  among  the  products  (when  potassnc  permanganate 
was  employed  us  the  oxidising  agent)  a  small  amount 
urea,  and  although  this  was  subsequently  controverted. 
Bitter  as  well  as  SchUtzenbcrgcr  have  confirmed  the  fact. 

Again,  those  substances  which  are  obtained  when 
albuminoids  arc  acted  upon  by  the  melted  alkalies  mny 
be  regardi'd  as  derived  from  a  more  energetic  action 
exerted  upon  the  compounds  to  which  baryta  water  gives 
nse.  So  far  as  determined,  they  include  ammonia,  hy- 
drogen, raethylaraine,  sauiUne,  picoline,  petininc,  leudnc, 
tyrosine,  glycooine,  carbon-dioxide,  and  formic,  valerianic, 
butyric,  and  oxalic  acids.  In  life,  albuminoids  are  sub- 
jected to  a  mixed  process  of  oxidation  and  hydrutio: 
and  a  study  of  the  results  obtaine<l  by  acting  upon  tli 
suljstamu^s  with  air  or  oxygea  and  baryta  at  the  same 
time,  or  with  pi'roxide  of  hydrogen  antl  baryta  water  i 
excess,  would  probably  ailurd  jwculiarly  interesting  re-sid 

W.  Knop '  has  described   a  derivati\*e  obtained 
the  ludiori  of  bromine  upon  iilbuminoids,  and  to  whicIJ 
he   assigns  the   formula    CjiHnlirjNjOg,  reprcswiting  ita^ 
constitution  as 

Wftter       . 

Anunonift  . 
Bromoxjleuctnc . 
Ttrorootyronin*    . 

He  also  describes  a  zinc  salt,  C„HnBr,X^njO,(„  and 
calcium   salt,  C]4ll,jBr,N,Ca40,o,  but  from  certain  co: 

'  C%fm.  C^titr.  18Hi,39&-30&;  411-415;  430-438. 


OI^H 

me 

] 


H,0 

0,ir„BrNO,  +  0, 
C,TI,<,UrN(>, 


C„n„Br,N/), 
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fiidt-riilions  he  is  led  to  quadruple  these  formulae,  thus 
nasi^iiiiig  to  the  sulphur-free  albuminoid  the  simplest  ex- 
pression, Cj^HjuoNiflOjo,  wliich  oflers  at  least  some  sort  of 
compju-ison  with  Schiltzenberger's  'umidHted  residue* 
described  above. 

Kiiop  gives  to  cnsein  a  fonruilji  wliirli  is  one  half  that 
of  the  above  substance,  but  all  sufh  fonnulte  merely 
represent  approximate  comp<isition,  and  certainly  do  not 
indicate  the  size  of  the  molecules. 

W.  KUhiie'  states  that  when  ulbuniin  is  distilled  with  a 
solution  eonliiiniDg  eight  times  its  weight  of  potash,  a  milky 
alkaline  solution  containing  cr^'stals  is  obtained.  These 
erystals  seem  to  be  composed  of  iudol,  thus  giving  sup 
port  to  the  prior  observation  of  Xenoki '  that  indol  is 
obtained  when  albumin  undergoes  putrefactive  change. 

M.  Neneki,'  yet  later,  states  that  when  commercial 
albumin  is  digested  with  finely  divided  ox  pancrwis  at 
-10-45"  C.  in  the  presence  of  water  for  about  70  hours, 
n  body  resembling  indol  is  obtained.  Il  raelts  at  about 
hTy  and  gives  a  nitro^o-iierivativc  of  the  formula 
CA(NO)N. 

When  albuminoids  undergo  putrefaction,  they  decotn- 
pose  and  give  rise  to  products  which  may  be  reganled 
As  produced  partly  by  hydration  and  partly  by  oxidation ; 
hut  Liebig  went  further  than  this  and  expressed  hiii  be- 
lief that  all  ferments  such  us  8yua[>tii.«e,  diastase,  pejjsiu, 
and  yeast,  were  modifications  of  albumin  iu  peculiar 
states  of  change  or  decay,  without  regard  to  the  possibility 
of  the  changes  being  of  a  definite  character  as  vrith  yeast. 


^  DtiU.  Otem.  Gt*.  Brr.  viti.  206^10. 
■  JbiJ.  TtL  160U.  >  lUd.  viiL  336-338. 
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All  nlbuminoul  substances  arc  capriblc  of  existiog  in  tlie 
soluble  ami  insoluble  state,  an<i  all  are  coUoidiil  in  nature. 
Uecciit  esperiment^  go  far  to  show  that  many  albuminoiLb, 
at  one  time  supposed  to  be  widely  diiferent,  are 
identical  iu  nature. 

It  has  long  been  known  that  three  forms  of  cot 
binatioQ  are  presented  by  albiuniuoids;  that  is  to  saj 
there  are  coinbinittions  with  acids,  combinationa  wit 
biiacs,  and  combitialions  with  snlts.  Graham  show^ 
that  the  sails,  often  associated  and  yet  not  in  combina- 
tion, eould  be  removed  by  dialysis.  Sfhmidt,  Aronstein, 
Heyiisius,  and  Winogmdoft',  have  repeated  and  confirmed 
illie  observations  of  Graliam,  but  have  not  extended  ther 
this  respeet, 

A.  Gautier'  states  that  when  blood  fibrin  is  dlssolvt 
in  a  solution  of  common  salt,  it  gives  rise  to  the  produc- 
tion of  a  substance  of  like  solubility  and  compofytion 
ordinary  albumin.     Its  solution,  however,  gives  no  pi 
cipitatc  witli  sulphate  of  cupper  or  argentic  nitrate,  ai 
coagulates  at  C°l,  wliereas  white  of  egg  coagulates 
73*.     The  author,  however,  claims  to  have  shown 
1800  that  egg  albumin  contains  two  substances,  one 
which  coagulates  af.  71-74",  and  the  other  at  60-G3"r 
Wlu'u  the  albumin  is  obtained  from  fibrin  as  described, 
and    isolated  by  cotigulation,  tliere    is  left  in    solution 
another  body  ke])t  soluble  by  combination  with  calt 
and  magnesitr  pl]08])hates. 

There  can  be  no  doubt  that  rojuiy  salts  Imve  a  ra< 
decided  influence  upon  the  properties  of  albuminoic 
Thus  F.  Soxhlet'  has  confirmed  some  observations  pi 

'  Oinipe.  Amrf.  Iitxix.  22?-22y. 

•  JiMint./.proc,  Ckeinie  (2],  v\.  1-53. 
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foiisly  nmdc  by  Rollet,  wliicli  tend  to  show  that  alkali- 
albitminate  solutions  Hre  not  precipitatetl  by  acids  ia  Uie 
present  of  lu'iitral  sodlc.  jjliospbatc,  nnd  it  is  to  the 
presence  of  this  substance  in  milk  that  casein,  which  in 
many  respects  resembles  alkali-albuininate,  is  not  thus 
precipitated.  Sosblct  demoustratcs  by  quantitative  ex- 
periniuiits  that  tiie  albLuninnte  begins  to  be  precipitated 
at  the  moment  when  the  neutral  phosphate  becomes 
completely  converted  into  acid  salL  W.  Heintz'  diflcrs 
from  Soxhiet  in  some  respects,  but  Isidor  Soyka^  con- 
firms them  on  the  other  hand,  and  contends  tlmt  add 
albumins  and  alkali  albumioatL'S  are  both  derived  firom  a 
common  principle,  the  difference  of  Uieir  combiuatioiia 
accounting  for  differences  in  llicir  properties. 

A.  Heynsius*  conchidea  that  paraglobulin  is  identical 
with  alkali  albuminate,  and  he  has  purt^ucd  the  studies 
of  Heintz  and  others  with  compamble  results;  but  H. 
Haas*  diflcrs  from  Heynsius  by  maintaining  the  view  that 
albumin  is  a  soluble  compound  of  glubulin  with  eartliy 
phoephati.-s,  and  favours  Schmidt's  view  that  the  solubihly 
of  albumin  is  due  to  such  salts. 

Igaoring  for  the  time  the  differences  presented  by  the 
various  albuminoids,  we  must  now  retura  to  view  them 
as  containing  a  parent  molecule  common  to  all  forms,  and 
for  this  pxirpose  we  shall  confine  our  attention  for  the 
moment  to  egg  albumin.  Its  molecular  weight  has  been 
approximately  determined  by  analyses  of  the  poUiSfic 
and    plalino'hydrocyanic  combinations,  both  of  which 


<  Joum./.  frert.  Chemie  (2)  t!.  374-384. 

•  Pfliigw'B  ArrAiv.  liL  347-377. 

■  Uid.  is.  &l-t'&63 ;  and  xit.  UO-MlO. 

*  Cktm.  fVirtf.  le'O,  7i)&-«00;  611-816;  834-833 


lead  to  nearly  the  eame  number,  1612.  li^jai^ 
expreises  tins  compoaitian  by  the  formal*  CaHujXj^SO^; 
and  while  we  iniif^t  not  pUc«  too  macfa  riwiftliBn  ■  dii 
formula,  yet  its  acceiitanoe  pro  tern,  proviea  *'*^^'-^ 
Kr\iceable.  notably  in  such  reaeardies  aa  rhrwL  of  Sdrit 
zeuberger  aud  in  those  we  must  oow  describe. 

Towards  base^^,  albumin  plays  the  part  of  «0  wJl 
while  towards  acids  it  behaves  as  a  bsse. 

Among  other  compounds  with  bases  tbe  feUowii^ 
ones  are  tlie  be^t  known,  but  tbe  same  rcserr^  most  Ie 
exercised  in  their  acceptance  as  with  Liebokuhns  JbC' 
mula  for  the  molecule  of  free  albumin. 

Albuminate  of  barium,  C„II,i«Bay,;SO„+H/)(?), 
produced  by  precipitation  of  an  alcoholic  solution  of  pft- 
lawic  albuiniiiHie  with  soluble  barium  salta. 

Albuminate  of  copper,  Ct,H,ioCuN,sSO» + H,0  (?).  Ac- 
cording to  Laasaigne  double  compounds  of  this  salt  with 
thoic  of  banum,  calcium,  magnesium,  and  poiaaaom 
exist. 

AltmminatuH  of  lead  and  mercury  are  also  known. 

Albuminate  of  |>otassium,  CTfHi,aK,S,eSOn  +  H,0(?) 
may  be  prepared  by  mixing  white  of  egg  with  strong 
polassic  liydrate  and  washing  the  gelatinous  product  with 
water.  When  freshly  pre[»aretl  it  is  soluble  in  alcohol, 
hut  loftcs  this  property  on  drying. 

Neutral  albuminate  of  sodium,  C;,HiioN'asN„SOM+ 
11,0  (?),  aud  an  acid  salt  of  the  composition  CT^mNaUN;, 
SOm  +  HjO  (?)  is  believed  also  to  exist  in  blooil  scrum  and 
wliiu?  of  egg. 

Albuminate  of  silver,  CraH,ioAg,N»SOi,+H,0(?)  and 
nlbuminute  of  zinc,  Ci3Hji(,Zn,N„S0,i  +  H,0(?)  are  both 
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[prepared  by  precipitation  of  albumiuotis  solutions  with 

, appropriate  salts. 

G.  S.  Johnson  has  desiTibed  '  what  lie  believes  to  be 
definite  compounds  of  albumin  with  various  jicida.     His 

[general  method  of  preparation  consisted  in  i>Iacing  white 

[of  e^  in  a  hoop  dialyscr  of  parchment  paper  tloatiug 
upoii  dilute  solutions  of  tlie  acids.  The  results  he  has 
obtained  incidentally  confirm  the  formida  assigned  by 
LieberkUhn  to  albumin,  as  ia  seen  by  the  following 
table : — 


FennolB 


Nitrftto      . 
Uydrocblorida 
Sulphate  . 
Orwopligspluito. 
Metepho«ph*te 
Citnu 
Qulat« 
Twfnte    . 
Acatote     . 


c-ji,' N 'so„.yiici 




A^  cODUiii»l 

i.ai  rcqtiiod 

E*tre«fiL 

Fownt. 

6"W 

(mean) 

7-24 

3-9a 

4-33 

6-36 

5-78 

8-47 

835 

4-37 

472 

6-&4 

7-06 

6-32 

6-21^ 

lft-63 

15-ti8 

6-4U 

587 

It  should  be  stilted,  however,  that  tlie  author  of  theae 
experiments  did  not  submit  his  products  to  complete 
analysis,  but  only  determined  the  acids  entering  into  the 
com}K>sition  of  the  difierent  preparations. 

The  great  difference  between  albuminoids  and  gela- 
ligenous  substances  is  that  the  hitter  contain  no  sidphur  ; 
this  is  quite  a  subservient  feature,  however,  in  their  con- 
stitution, although  we  do  not  yt't  know  the  nature  of  tlie 
cnmbination  by  which  sulphur  enters  into  the  constitution 
of  the  albuminoids. 


'  Jvum.  CAtm.  Soc.  Au^ruil  1674. 
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In  the  following  table  the  approximately  identical 
composition  of  different  albuminoHs  bodies  is  exhibited : — 


svaa 

715 
15-05 

92-62 


04'6 

69 

16-6 

22-1 


7-26 

IS'Ofi 

i-ir 

53-24 


00-10 

6-60 
18-30 

0-UX 


=  31 


60-53 

601 

IMS 

Zi-iu 


II  is  unuet:esf*ary  to  enumerate  the  results  of  fiirtht 
analyses  by  many  aiilliors,  otherwise  there  would  be 
difijculty  in  doing  so.      iTiey  all  prove  that,  arranf 
under  the  title  of  albuminous  matters,  there  are  himdreds 
of  substances  nearly  allied  and  yet  uot  identical ;  havin| 
many  prtiperiiiss  in  coninion  and  some  distinctive  onesi 
liaving  all  the  s:»ne  general   constitution,  but  dilTerinj 
more  or  le^  in  the  nature  of  the  smaller  radicles  coi 
posing  the  lai^er  proximate  nuclei. 

The   principles  less  rich   in   c;irbon,  but  richer  ii 
nitro^'en,  are  generally  viewed  as  enleiing  into  the  com-' 
position  of  liie  less  vital  tissnes,  Buch  lus  bone- cartilage, 
tendons,  connective  tissue,  and  skin      When  these  are. 
boiled  for  a  long  time  with  water,  they  yield  solution! 
which  gclatiniaj  on  cooling.     Non-hardening  cartihigeaj 
yield  a  like  substance  termed  chondriii. 


c. 

H. 

s. 

0. 

GoUtin     , 

, 

.    50-0 

e-fl 

18-3 

861 

Uhnndrin  . 

* 

.     40-] 

7-1 

14-4 

38-4 

OMeiii 

, 

.    60-4 

65 

10-0      . 

ses 

laiaglass  is  another  form  of  gelatin,  while  silk  gelatiiij 
orsericiu  C,6H„X,0,(?),  and  fibroin  of  silk,  C,aH„NA(?}J 


GEXKRAL  CiTABACTKRS   OF  ALBCMISOIDS. 


377 


(forming  its  chief  constituent),  have  many  properties  in 
common  with  other  gelatigeaous  principles.  These  piin- 
ciplcs  appear  to  be  free  from  sulphur,  and  on  deconj- 
position  with  acids  or  baryta  water  yield  products  cha- 
racteristic of  albuminoids. 

General  Properties  of  the  Albuminoids, — These  prin- 
ciples may  be  preserved  in  a  drj'  state  for  an  indufinite 
period  without  suifering  decomposition ;  but  in  the  jiru- 
seace  of  air  and  water,  they  readily  putrefy,  and  auioiig 
the  products  of  their  change  we  find  carborifite,  butyrate, 
valerate,  and  sulphide  of  ammonium,  leucine,  and  tyro- 
sine. 

Tliey  have  a  sp.  gr.  i-anging  from  1-2  to  1  I.  Thus 
W-  Dittmar'  has  determined  tiiat  of  Icgumin  at  1'285- 
1-36,  and  glutiu  at  1-297. 

As  isolated  from  their  different  aoiirces  they  are  often 
associated  (in  combination)  with  hnsen  or  sidts,  particu- 
larly phosphate  of  calcium,  which  is  left  in  the  ash  when 
they  are  incinerated. 

When  heated  in  close  vessels  they  swell  up,  blacken, 
give  off  sulphuretted  hydrogen,  ammonia,  and  foetid 
empyremuatic  products,  leaviug  a  poroas  carbonaceous 
residue. 

As  they  exist  in  living  plants  and  animals,  they  are 
in  combination  with  water  of  coUoidation  to  a  greater  or 
less  extent ;  that  is  to  say,  the  water  is  combined  in  a 
manner  parallel  to  that  in  which  it  exists  in  crystals. 
This  water  cannot  be  separated,  as  from  a  sponge,  by 
pressure. 

Most  ur  all  albuminoids  can  exist  in  the  two  states, 
Boluble  and  insoluble,   in  water.     Wlien  gently  heated 

*   V«nueJi»^iiluinm  Or^an,  xr.  401-403. 
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with  dilute  solutioDB  of  potash  or  soda,  they  easily  dis- 
solve,  and  in  general  the   sulphur  is  removed    by  the 
same  process  and  forms  inilphide  of  the  base  employed. 
From  the  alkaline  solution,  acids  precipitate  what  Mulder 
termed  pioleiri,  and  which  he  regarded  as  the  easenlitil 
principle  of  all  albimiinoids;  albtmiin,  fibrin,  casein,  && 
were  thiis  considered  by  Lhii  to  be  derivatives  of  protein. 
It  is  not  worth  while  to  study  Mulder's  iiews  further ;  so 
far  as  they  have  been  substantiated    by  more  modeni 
work,  the  information  given  before  has  already  sufficiently 
desci-ibed;  it  is  pi-obalile  that  the  protem  of  Mulder  is 
a   kind  o^  sjnitoiiin  or  gelatin.     lie  nssignttl   lo  it  th 
formuht  C',gH„N/J„,H,0,  and  maintained  its  freeilom  fro! 
5ul])hur  against  a  diSerent  opituon  held  by  many 
chemists. 

When  once  dried,  all  forms  of  the  albuminoids 
iiiisoluble  in  alcohol  and  ether. 

Aqueous  solutions  iire  coagulated  by  alcohol  and  are' 
precipilable  by  solutions  of  the  salts  of  copper,   lead 
and  mercury,  tannic  acid,  &c.  &c. 

This  [jower  of  combination  with  tannic  acid  which  i; 
exliibitcd  by  the  albuminoids  and  gelatins  supplies  tli 
chemical  explanation  of  the  manufacture  of  leather. 

Concontraunl  sul])Iniric  acid  dissolves  the  albuminoi 
with  a  l)ruwnish  red  colour. 

Concentrated  nitric  acid  produces  in  their  solutions 
a  bright  orange  coagulum  whicEi  gradually  dissolves  with 
effervcseeuce;  this  coloured  substance  was  termed  by 
Mulder  xanthoproteic  acid.  _^M 

Strong  hydrochloric  ncid  warmed  with  albuminoi^^ 
solutions  gives  ft  milky  coagulum  which  dissolves  slowly 
to  a  blue  or  violet-coloured  solution. 
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AJbuminoiil  soliilions  containing  acid  give  with  po- 
sic  fcrro-  and  ferri-cyariitlc,  precipitates  uoi  funii:4hcd 
^by  ordinary  aqueous  solutions. 

Milloii's  90-called  roactioii  consists  in  moistening  nny 
suspected  tissues  with  a  sohitinn  of  2  parts  of  mercury 
4  of  uitric  acid  (of  the  sp.  gr.  1'40);  ou  warmiug 
rently  (below  100°  C  )  iiii  intense  red  colour  is  pitnluced 
if"  albuminoid  matter  be  present,  which  is  indestructible 
■  by  boiling  witli  water  or  on  exposure  to  the  air. 
B      Albuminoid  solutions  possess  extremely  low  difiusive 

powers  and  turn  the  plane  of  palarised  light  to  the  left, 
^ft       The  albtimiuoids  ore  distinguished  £rum  ilie  gehitinous 
Bpriuciples  by    giving   precipitates    with    potassic   ferro- 
Hc}'ariide;  t^>lutions  of  gelatin  are  said  al&(»  to  give  no 
P^recipitates  with    lend    acetate,  cuprie  sulphate,  dilute 

I  mineral  acids  and  alum. 
kitutioD  of  blo'xl,  the  various  albuminous  muiters  con 
tbincd  in  it  have  been   already   described.     We  must, 
however,  recur  here  to  the  chief  properties  of  seral- 
bumin, in  order  to  com]xire  it  with  other  allied  siib- 
^■tanccs. 

^H  Serum  albumin,  or  seralbumin,  as  it  is  termed,  may 
^k  obtained  from  blood  serum  by  precipitation  with  lead 
^Bcetate,  wooing  with  water,  and  decomposition  of  the 
^■recipitaic  suspended  in  water  by  means  of  carbonic 
^anhydride.  A  cloudy  solution  of  albumin  is  obtained  on 
filtration.  If  this  solution  be  evaporated  at  a  gentle 
temperature  (about  52*  C),  it  leaves  a  yellow  transpareuC 
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substance,  which  is  mainly  soluble  iu  water,  and  entirel; 
diMolvcs  when  aided  by  the  presence  of  a  little  acetic  acit 
Its  aqueous  siolution  is  precipitable  by  alcohol.     The 
tiuued  contact  with  alcohol  renders  it  coagulated  <w  ii 
sohihlc.     Ita  specific   rotation  for  yellow  light  is— fl( 
It  is  not  precipitated  by  small  quantities  of  very  dih 
a(.:ids,  but  in  greater  qiuLntity,  acids  (parlicularly  iiitnj 
acid)  precipita.te  it,  as  do  also   carbolic  acid,  uiercui 
chloride,  potassic  ferrocyanide,  lead  acetate,  and  argeniK_ 
nitrate.     Ita  solution  coagulates  at  73'  C. 

When   contained   in  caustic  alkaline  solutions,  it  a" 
not  completely  coagulated  by  heat  until  the  sohition  be 
exactly  neutralised. 

As  isolated  by  the  luethod  described,  or  by  adiling 
acetic  acid  Ut  blood  serum,  lillration  from  other  albumi- 
noid matters  thus  precipitated,  and  also  by  carbonic  an- 
hydride, and  dialysis  of  the  filtrate  of  seralbumin  to  free] 
as  far  as  possible  from  salts,  it  yet  still  contains  soi 
saline  matter,  and  the  point  of  cofigulation  is  dependea 
IMirtly  upon  tlit:  nature  and  quantity  of  this. 

Albumin  from   White  of  Eijtji^^  or  Ovaihumin^  prfr_ 
aenta  some  similar  characters  to  seralbuinia.     Its  spedf 
rotJitory  power  for  yellow  light  is— 35'5%  and  unlil 
seralbumiu,  it  is  coagulated  by  ether. 

S.  Itothur  Htates '  that  it  v=  uuiiutained  in  solution  iu  tl 
presence  of  starch  even  at  a  boiling  temperature  ;  a  droj 
of  strong  nitric  acid,  however,  causes  congulation. 
agulatetl  seralburniii,  or  ov:dbuniin,  if  heated  to  300* 
with  a  small  quantity  of  water,  rodissolves,  and  gives  a 
liquid  not  coa^dable  by  heat,  but  which,  when  acetic  acid 


>  I1*itrm,  Juun.  Tnmt.  (3)  tii.  C41. 
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present,  is  precipitated  by  potassic  ferrocyauide.  Al- 
)uiuii)  precipitated  from  solutions  by  other  agencies  tbnti 
joiling,  suuli,  fur  iustflnce,  as  tliose  exercised  hy  certain 
ilts,  is  not  necessarily  in  the  coagulated  state ;  that  is  to 
r,  it  will  often  dissolve  in  pure  water. 
Eggnlbuiniii,  unlike  seralbumin,  is  precipitated  by  oil 
tTirpcntitie,  and  is  not  easily  soluble  in  strong  nitric  acid. 
J'araWumin  is  the  name  wJuch  was  given  by  Scherer 
a  substance  he  obtained  from  the  fluid  of  ovarian  cysts, 
[t  is  generally  associated  with  u  8tan:h  or  glycogen-likc 
3y  capable  of  change  into  sugar.  Its  solution  is 
[viscid  and  preoipitablp  by  acetic  acid  and  carbonic  anhy- 
dride. It  is  not  precipitated  by  magiiesiuui  sulphattif 
but  in  otlier  respects  resembles  ordinary  albumin. 

MeUill'umin  is  met  with  in  dropsical  fluids,  and  is 
Imucli  like  paralbumin.  It  is  nol^  however,  coagulable  by 
Iheat,     Alcohol  precipitates  it  from  its  solutions. 

Para-Globulin  may  be  obtained  from  blood  senim  as 
Idescribetl;  it  is  .said  to  difU-r  somewhat  fnim  onlinary 
globulin  by  virtue  of  its  fibrino -plastic  properties  ex- 
hibited in  the  production  of  fibrin  {as  also  previously 
described)  wlien  mixed  with  certain  liquids  such  as  hy- 
drocclf  iluid. 

(Jiobuliit  exists  in  aqueous  humour,  in  the  juice  of 
the  cornea,  connective  tissue,  &c.  It  may  be  prepared 
by  rubbing  up  fR*sh  lenses  '  of  the  eyes  of  bullocks  with 
pounded  gkss  and  water,  and  precipitation  of  the  filtrate 
with  carbonic  anhydride.  Alcohol  also  throws  it  down 
from  its  solution.  Acetic  acid  solutions  are  precipitated 
when  neutralised  with  ammonia. 


*  Xhew  conuin,  ai'wnliDy  b)  Simon,  from  10  to  14  p»r  cent,  globulin. 
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la  Its  congulatod  form  it  is  insoluble    in  water  i 
ills  soluble  in  certain  neutral  saline  solutions. 

Myoiiin  is  the  substance  which  by  its  separatiott 
and  coagulation  in  muscular  tiitsue  utter  denth  induces 
'  rigor  mortis.'  As  the  myosin  decom]>0!tes,  this 
<lition  pasHCS.  The  substance  was  first  obtained 
Kiihnc. 

In  order  to  prepare  it,  muscular  tissue  is  minoed 
finely  and  washed  with  water  thoroughly,  until  the  waah- 
ings  are  no  longer  acid  and  arc  not  precipitated  by 
mercuric  chloride.  The  residual  niass  is  well  rubl 
up  with  a  10  per  ceut.  HoUitiou  of  common  kiU, 
the  filtered  solution  is  then  precipitated  Ly  dilution  yni 
water;  it  is  purified  by  re-solution  in  chloride  of  sodii 
and  rcpredpitaiiou  by  dilution. 

Myosin  is  insoluble  in  water,  soluble  in  very  ditalc' 
hydrochloric  acid,  and  soon  passes  into  the  state  of 
toiUD.   It  is  also  soluble  in  dilute  alkalies,  becoming  alki 
albuminate.     By  h«it  it  is  coagulattitl  out  of  solutit 
it  is  also  coagulated  by  alcohol. 

ViteUiiu  fui  albuminous  matter  contained  in  the 
of  eggs,   has  not  been  obtained    at  all   pure.      So 
as  this  has  been  cfiectcfl,  it  iias  been  shown  to  be  HI 
myosin. 

At'id-alhumin  is  the  name  given  to  the  substance 
duce<l  by  acting  on  sei-albumin  or  other  lUbumfnoids 
dilute  acids  such  as  hydrochloric.     These  solulioua 
bably  contain  the  compoiuids  described  by  Johnson.   {See 
above.)     Such  solutions  maybe  gi-adually  heated  to  7i 
without  coagulating',  and  i^ven  at  higher  temperatiu^ea 
agulation  may  be  entirely  prevented.     The  resulting  dt 
rotates  a  my  uf  yellow  light  72°  to  the  left. 
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On  neutralisation,  insoluble  albumin  is  precipitated, 
but  the  precipitate  thus  obtained  dissolves  in  alka- 
lies. 

Alkali- AUmmijis,  or  Albuminates. — This  class,  together 
■with  the  acid-albumins,  is  sometimes  classified  together 
Fas  derived  albumins. 

Casein  is  the  most  important  alkali-ulbuminnte,  al- 
though, as  we  have  had  occasion  previously  to  point  out, 
[it  is  ]K)ssible   to  produce  substances  by  the  action  of 
lilutc  alkaline  solutions  upon  ordinary  forms  of  albumin 
?hich  are  precipitated  by  neutralisation,  and  which  can- 
hot  be  distinguished  from  casein. 

Casein  occurs  plentifully  in  the  milk  of  aiiiaial  feeders, 

[and  from  this  fluid  it  is  readily  obtmned  by  precipitation 

with  magnesium  sulphate^  fdtration.  and  washing  with  a 

Iconceutratetl  solution  of  suit.  By  dli'solving  in  pure  water 

it  may   be  separated   from  any  butter  which  may  be 

^present,    and  \i   may    be  further  purified  by   precipita- 

llioa  with  acetic  acid.      After  drying,  casein  swells  in 

mter,  but  will  not  dissolve  ext:ept  in  tlie   presence  of 

[free  alkali.      On  neutralising  the  alkaline  solution,  the 

precipitate  so  obtained  is  soluble  in  an  excess  of  acetic  or 

lydrochloric  acid. 

Alcohul  precipitates  neutral  or  feebly  alkaline  soln- 
lioDS  of  alkali-albumin  ate  or  casein  when  cold,  but  the 
precipitates  redissolve  on  beating. 

Oisein  is  coagulated  by  certain  animal  membranes, 
is  witnessed  in  curd  making  :  tho  curd  results  from 
[ilie  action  of  rennet  derived  from  the  stomach  of  the 


Plaot-caseiu,  or  legumin,  is  found  chieOy  in  the  seeds 
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of  leguminous  fniits,  from  the  juice  of  which  il  a 
cipitable  by  acetic  add  or  rennet. 

Fibrin,   or  Fibrinogen^    has    been   describud  unikr 
Blood. 

Plant   fibrin  occurs  in  plants  in  an  insoluble  !>tate, 
esjiecially  in  the  seeds  of  cereals,  and  may  be  obtained 
from  crude  gluten  by  extrai^tiug  it  with  dilute  alcohol 
remove  vegetable  gelatin  (ghitin),  and  afterwards 
ether  to  cxtmet  the  fat.     The  residue  is  uupure  pi 
tibrin.     It  beliavcs  hkc  onhnary  fibrin  in  its  reactions. 

Lardacein,  a  body  resembling  albumin  in  its  per- 
centage eomposition  and  some  of  its  proi>crties,  is  found 
depositc<l  in  the  smaller  arteries  of  certain  organs,  mirji 
m  the  liver,  kidney,  spleen,  brain,  and  intestines,  when 
diseases  associated  '\\'iti)  suppuration  and  cachexia  are 
supposed  to  exist.  It  Is  otherwise  known  as  *^  aniyloi<l 
substance,'  from  the  fact  that  il  strikes  with  iodine 
sulphuric  acid  a  blue  coloration.  Virchow  considers 
as  au  altered  fibrinous  di^pO!<it. 

It  is  found  in  the  spinal  marrow  and  brain,  &c., 
locomotor  ataxia,  but  it  has  not  yet  been  suihciently  wi 
isolated  to  establish  its  nature. 

OehHn    is  obt»iinod   by   boiling  connective   ti 
tendons,  &c.  in  water:  from  bones  it  is  best  made 
dissolving  out  the  earlby  matters  by  means  of  hyd 
chloric  acid,  and   boiling  the  residue   with   water, 
swells  up  in  water  and  dissolves  on  boiling,  to  a 
liquid  which  gelatinises  on  cooling,  cveu  if  it  con 
only  1  per  cent.    When  dried,  it  is  insoluble  in  etlier 
alcohol. 

Solutions  of  gelatin  are  precipitated  by  tannic  aci 
alcohol,  and  salts  of  mercury,  but  not  by  nhmi  or 
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jcutml  or  basic  lead  acetate,  potas^c  ferrocyanide,  dilute 
linerul  acids,  &c. 

Size  and  glue  (ire  impure  forms  of  gelatin. 

Ckondrin  is  obtained  from  the  cartilages  of  ribs  and 
joints,  and  b  much  like  gelatin,  but  difiers  from  it  in 
kbeing  precipitated  from  its  aqueous  solution  by  means  of 
alum,  acetic  acid,  lead  acetate,  &c.,  but  not  by  mercuric 
chloride.  Boilal  with  hydrochlorie  aeid,  it  is  said  to 
yield  glucose;  further  investigation  might  lead  to  some 
[counection  therefore  between  this  body  and  amyloid 
leubstanoe. 

Of  Sericin  and  Fihroin  from  silk  ve  have  already 
;treated(pp.  336  and  337). 

Eiastiein  is  the  special  principle  of  yellow  elastic  tis- 
^sues,  such  as  the  middle  coals  of  arteries  and  veins,  &c. 

K^tUin  is  obtained  in  an  impure  form  firom  horny 
[matters,  as  hom,  feathers,  hoofs,  epidermis,  &c.,  by  ex- 
I  trading  other  matters  first  with  alcohol  and  ether. 

Mucin  is  obtained  hom  mucoiis  fluids,  &c. 

Pyitiy  which  resembles  mucin,  is  obtainable  from  fresh 
'pas ;  it  is  said  to  give  rise  to  a  blue  rrystjdlinc  substance 
not  well  known,  but  termed  pyoryanine. 

The  following  table  is  taken  from  Fowues' '  Chemistry ' 
t(12th  edition)  :— 

StJubilitirt  ef  Albummvut  JYineifitM. 
8oluUe  in  Trat«r :  — 

AquMua  soludone  not  precipiuted  W  boiling     »     r«ptoDea. 
„  „         OMfulatftd         „        „        m     AlbumJM. 

Insoluble  in  water : — 
Soluble  in  1  per  c«ut  svlutioo  of  iodic  cUonde    -     Qlobulina. 


loioluble  : — 
8(dubl«  in  bjnirocUoric  Kcid  (O'l  per  cent.)  in 
the  Pold. 

Solnble  in  bot  spirit 

CC 


•     AlJiali-Albujiiin, 
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SolMtitji  of  Albuminoid  PtineipUa—eoa^aMvA. 


InaoInUe  in  hot  spirit 


Add-AlbaniiL 


Iiifolublv  in  hvdrocblorlc  Mid  (0-1  percent.)  Ed 

thecdd:— 
Solub14^  la  b jdioeUoiie  Kid  (0*1  per  eeot.) 

«80» =     Fibrin. 

Insoluble  in  hydrochloric  scid  (01  p«r  Oftnt.) 

at  QU^ m     Coftgulotdd 

Abo  insolublu  tn  Mroofr  icid* ;  Kulnble  io  go*.  bumiu. 

triejoioe 

Pepsin  and  Peptones  as  Albuminoids. 

Elsewhere  (iu  the  Chapter  on  '  Gbistric  Digestion 
have  referreil  to  the  action  of  so-called  peijsin  in 
verting  insoluble  ulbuminoids  into  solutions  cHlIed 
tones.     Li  spite  of  the  grejit  differences  observeil  bet\ 
the  various  aibmnmous  compounds,  chey  are  all,  by 
uction  of  the  gastric  juice  or  the  pancreatic  juice, 
duced  and  couvort«d  to  solutiotis  wliich  exhibit  but  ftj 
tliatinctive  characters,  no  matter  what  be  the 
substances  thus  resolved. 

The  precise  part  exercised  by  pepsin  U  not  known ; 
has  certainly  been  isolated  in  an  imperfect  form,  but 
c'xiinposition  is  unknown ;  it  is  probably  itself  of 
albuminoid  character,  but  of  its  constitution  we  kt 
nothing,  atid  of  its  history  in  the  process  of  digestion 
have  but  little  information.  Of  its  action  there  seems 
be  no  doubt,  although  it  is  true  that  the  acid  of  the 
stomach  is  of  itself  capable  of  resoUnng  albuminoids  into 
more  or  less  soluble  and  metamorphosed  substances.    ^| 

The  change  may  be  best  exliibited  in  the  iabonUoi^ 
tit  the  iemj»eraturc  of  the  blood  with  auy  of  the  dilulu 
mineral  acids.  Albuminoids  thus  influc-nced  change^ 
first  into  flo-callod  ayutouines  or  bodies  which  give  U 
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:  nitrogen  as  ammonia,  when  boiled  with  strong  alkalies 
or  baryta  water.  Syntonins  themselves  are  decomposed, 
when  boiled  with  acids  or  strong  alkalies,  in  the  manner 
described  by  SchUizenberger  nnd  those  uther  chemists 
whose  researches  we  have  already  described. 

Wliether,  therefore,  pepsiu  does  moi*e  than  accelerate 
the  action  of  dilute  acids  wu  cannot  say  with  certainty ; 
if  it  dt^s,  the  action  is  entirely  unknown  and  is  likely  lo 
remain  so  as  long  as  men  arc  content  to  study  the  ques- 
tioD  as  it  has  been  loo  often  studied  heretofore. 

It  seems  to  be  the  object  of  certain  so-called  physio- 
logical chemists  to  try  tlie  action  of  pepsin  upon  albu- 
minoids, in  order  that  when  tliey  have  obtained  the 
solutions  of  peptones  they  may  be  subjected  to  a  set 
number  of  well-known  tests.  These  consist  of  non- 
precipitability  by  boiling,  neutralisation,  or  strong  acids, 
but  precipitabllity  by  alcohol  and  by  such  reagents  as 
sulphate  of  copper  and  potassic  ferrocyanide.  But  when 
it  has  been  shown  that  prectpilates  are  yielded  with 
tannic  acid,  argentic  nitrate,  mercuric  chloride,  platinic 
chloride,  and  plumbic  acetate,  the  measure  of  their  in- 
vestigative power  i*  satisfied,  and  they  never  dream  of 
following  up  in  a  logical  manner  the  study  of  any  one  of 
these  combinations  and  by  so  doing  obtain  some  definite 
result.  *  As  it  is,  however,  our  literature  and  our  text- 
H  books  abound  with  descriptive  matter  concerning  what 
™  Biny  ap[)ropriately  be  termed  "  test-tube  chemistry.** 
The  test-tube  as  an  agent  in  pioncenng  experiments,  as  ft 
preliminary  to  the  application  of  elaborated  methods  of 
research,  bttsnd,  indectl,  in  tlie  first  instance,  upon  such 
reactions,  is  invaluable ;  but  employed  as  a  final  lest  of 
character  aud  constitution,  these  reactions  are  absolutely 

fl  0  S 
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without  meaning.  A  precipitate  or  a  colour  may  i^uT 
from  the  mixture  of  two  solutions,  but  no  amount  of 
repetition  of  sucli  reactions  can  teach  us  more  than  the 
experience  of  the  fact.  To  the  precipitate  we  must  apply 
metho<^ls  of  purification  and  analysis,  m  order  to  ascer- 
tain its  composition,  and  for  the  colour  we  must  use  the 
spectroscope,  or  other  means  at  our  command  which 
shall  iu  like  manner  identify  for  us  its  natun-.  But  when 
we  have  effected  all  this  we  have  but  begun,  for  it  yet 
remains  to  learn  the  inner  constitution  of  the  body  who« 
empirical  formula  we  have  estabUshed;  even  then  we 
have  yet  to  determine  in  what  way  it  was  in  the  first 
pla<;e  produced  from  the  mbclure.  Then,  and  not  till 
then,  are  the  resources  of  the  chemist  exhausted  and  the 
problem  solved.  Now,  by  some  of  the  reactious  above 
indicated,  it  will  appear  reasonable  that  phospho-molybdic 
add  would  ])recipit4ite  many  peptone  solutions,  in  which 
case  it  is  not  unlikely  that  by  the  subjection  of  the  pro* 
ducts  to  decompOHition  with  barj'ta  water,and  further  tre 
ment  of  the  free  substances,  some  ver\'  definite  result 
would  be  obwined.  Meanwhile  a  general  name  repi 
all  we  know  of  substances  which  will  one  day  prove 
have  a  constitution,  complicated  certainly,  but  as  evidt 
and  as  well  defined  m  those  of  the  best-known  bodies.* 
To  one  of  the  few  attempts  which  have  been  made 
assign  formula;  to  the  conalitucnte  of  peptone  eolutioi 
reference  has  been  already  made  (pp.  70,  72),  but 
must  now  notice  it  more  in  detail,  more  particularly 
cause  the  allempt  has  been  made,  rather  than  to 
great  faith  that  is  to  be  placed  m  the  results. 

'  PAynolegy  and  it»   Chetnutry,    ^.,  by  0.    T.  KingMU  ftud  H. 
Ilnkc.  Qum-terlj/  Jottm.  o/Sciatc«,  Juu&ry  1877. 
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Basil  Kistiakowsky,  of  Kiew,'  has  attempted  lodeter- 
I'mine  whether  the  peptones  formed  iu  panurealic  digeatiou 
differ  in  composition  from  their  ul!)uininnua  sources,  and 

» whether  they  differ  one  from  the  other  in  composition 
ftnd  propertitt)  according  as  differeut  albumins  are  used  ; 
also  whether,  when  from  the  same  albumin,  the  gastric 
I  and  pancreatic  peptones  are  identical. 
In  an  experiment  with  ox  ilbrin  he  found  on  analysis 
a  formula  for  it  us  follows — C'imH^NkSOm,  and  this  was 
subjected  to  the  action  of  pancreatic  ferment  isolated 
by    Wittich's  method.     To  the  resulting   peptone,  ob- 
tained after  about  twelve  hours,  he  assigns  the  formula 
Cnjn«(iNBeSO„ ;  that  is  to  say,  it  diflers  from  (he  original 
substauce  in  containing  less  carbon  and  more  oxygen. 
Both  preparations  gave  a  certain  percentage  of  ash,  which 
Hniay,  for  the  present  considerations,  be  left  out  from  notice. 
The  peptone  thus  obt^ned,  Uke  others,  is  of  a  fluorescent 
character.     A  peptone  obtained  from  vegetable  casein 
(from  sweet  almonds)  proved  to  be  of  characters  and 
^composition  almost  identical  with  that  from  fibrin;  as 
H  expressed  by  the  analyses  its  formula  was  C|i4n,^N"MS0M.' 
H^     Prom  analyses  of  peptones  produced  by  imitative  pro- 
^B||ncs  of  gastric  and  pancreatic  digestion  it  appears,  ac- 
cording to  Kistiakowsky,  that  they  differ  only  slightly ; 
the  gastric  peptone  contains  more  carbon  and  oxygen. 
Finally,   by  the  action  of  pancreatic  ferment  upon 

i  fibrin  the  author  obtained  leucine,  tyrosine,  and  glutamic 
acid.  S.  Radzicjcwski  and  E.  Salkowski'  have  also  ob- 
served these  products  together  with  aspanic  acid  aa  an 
ficcompanying  substance. 
'  It  b  iatemtin^  to  conip*re  thwv  Toimulie  wiUi  tbow  of  albumin,  and 
tlfl  Tftrioiu  d-frivntivM  obtaioed  bv  Schiifi«Dl>«T;^»r  nod  Riiop. 
•  Dtvt.  Chrm.  Gm.  Btr,  vii.  lOCU-lOCl. 
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K-  Maly,*  contrary  to  the  experiences  of  Kistiakoi 
sky,  finds  that  the  peptone  prepared  &om  fibrin  ia  almost 
identical  with  the  original  substance,  and  bo  also  with 
iilbiimin  and  its  peptone.  In  short,  he  contends  that  a 
peptone  is  not  a  product  of  the  splitting  up  of  its  gene- 
rator, but  he  does  not  support  his  conclusion  with  ai^H 
analyeea.  ^^ 

A.  Kossel*  is  in  conflict  with  R.  Maly,  and  states,  con- 
traiy  to  him,  that  peptones  do  not  give  precipitates  with 
acetic  acdd  and  potassic  fernKtyaiiide ;  where  such  prtwi- 
pitates  nbtain,  llicy  result  from  contamination  of 
peptones  witli  unchanged  albuuiiu.  In  fact,  A.  Kc 
confirms  Kistiakowsky's  statements,  and  those  of  Lubavii 
lo  the  eflbct  that  peptones  possess  characters  coinmon 
the  ainidic  acids.  To  be  brief,  it  may  be  stated  that 
we  know  regcU-ding  peptones  tends  to  show  that  they 
present  intermediate  stages  between  alljuminoids  and  the 
products  of  decomposition  obtained  by  llie  artioii  of  hot 
acids  and  alkalies  ujxjn  these  priuciplcs.  At  the  same  time 
the  change  is  so  slight  that  in  the  blood,  the  syutheticil  in- 
fluences tliey  are  subject  to,  are  powerful  enough  to  cause 
the  re-fonnation  of  albumin  or  fibrin  which  is  assimilated 
in  the  cells  of  the  body  to  replace  those  parts  cliemically  de- 
stroyed by  the  acts  of  life.  On  such  a  view  alone,  is  it  pos- 
sible at  present  to  uudei-stand  the  produirtiou  of  fibrin  by 
the  coagulation  or  whipping  of  blood,  and  it  is  one  which 
agiijees  with  Schmidt's  explanation  of  thia  phenomenoHj 
for  as  we  have  already  seen,  he  regards  the  production 
fibrin  as  resulting  from  the  combination  of  two  principle 

According  to  Briicke,  pepsin  occiu^  not  only  in 


artwi- 

Loss^l 
mvi^^ 

I 


«  Ibid.  xiii.  300-320. 
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[Btomach,  but  also  in  the  blood,  the  muscles,  and  the 
[urine,  and  it  is  to  be  confessed  that  meat  iulroduced 
[into  a  8ubt:utaueaua  wound  c^riainly  undergoes  a  3ort  of 

digestion  (Bretoiineau).     But  however  this  may  be,  it  is 

probable  that  the  action  of  pancreatic  and  gastric  t'cr- 
Itnenls  consists  like  that  of  acids  and  dilute  alkalies  iu  a 

process  of  mild  hydration.     Of  ferments  themselves  we 

shall  treat  more  fuUy  hereafter. 


fwifn#»  Tyrosiney  ^-c,  as  prodtwed  by  the  Decomposition 

of  AWumiiwids. 

Elsewhere  in  this  work  it  has  been  shown  tJuit  glyco- 
[cine  (C3U1NO,)  is  amido-acetic  acid,  and  tlmt  as  occurring 
tin  the  body,  it  is  identical  with  Uie  product  produced 
from  the  haloid  derivatives  of  acetic  acid  by  certain 
ible  decompositions.  Again,  hippuric  iicid  has  been 
to  have  a  distinct  relation  with  glycocme,  and, 
1,  splits  up,  when  suitably  treated,  into  benzoic  a<'id 
and  glycociue.  from  which  substancc-s  it  has  also  been 
artiBcially  prepared.  Now  there  can  be  lilUe  doubt 
that  these  and  other  similarly  constituted  bodies  are 
primarily  derived  from  the  decomposition  of  albuminoids, 
and  in  the  chapter  treating  of  these,  it  has  been  slatetl 
that  the  principal  araon<?  such  products  of  decomposiliou 
are  leucine  and  tyrosine,  substances  which  are  also  found 
in  nearly  all  the  glandular  organs  and  secretions  of  the 
body. 

k      Chemical  researches  have  demonstrated  the  identity 

of  amido-caproic  acid,  C4n,o(NHjXX)(OH)  (as  obtained 

by  acting  uiMjn  bromocaproic  acid  with  ammonia),  with 

Jeuciuc  found  in  the  body  and  as  a  product  of  decora- 
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position  of  albmninoids.  Furtlier,  by  acting  on  mcthjU- 
mine,  NHt(CE,),  with  chloracetic  acid ;  mcthylainidoacetic 
ttcid,  CH^XHCU,)CO(OH),  is  obtained,  and  this  sub- 
5tance  is  now  known  to  be  identical  with  sarkosiiKt 
wliich  in  its  turn  gives  rise  to  the  production  of  kreatjne 
by  direct  union  with  cyanamide  (NH,CN). 

So  t}tere  can  be  but  little  doubt  that  when  the  products 
of  ibe  decomposition  of  albuminoids  arc  better  known,  it 
will  be  found  Uiat  they  comprise  many  similar  derivatives 
refcnble  to  acetic  add  or  its  homologies,  and  indeed 
this  may  be  considered  to  be  established  to  some  extent 
even  in  the  case  of  tyrosine  (C,H„NOj). 

H.  Ost'  has  recently  conducted  some  researches  bear- 
ing upon  the  oonstitutioQ  of  tyrosine.     When  potassi 
t»Uicylate  is  heated,  paraoxybenzoic  acid  is  produced, 
when  tyrosine  is  fused  with  potash  it  also  gives  rise 
the  formation  of  this  substance  (Barth).    fiut  inasmuch 
as  when  saUeylic  acid  is  heated  with  soda,  a  salicylate 
and   not   paraoxybenzoate   is   produced,    it  was  dou1>^^ 
ful  whether  t^Tosine  is  really  a  derivative  of  salicylic  aciV^ 
or    paraoxybenzoic  acid.      Now    paraoxybenzoic    acid 
fused  with  soda  gives  rise  to  a  paraoxybenzoate  only, 
not  to  salicylate,  hcuce  Ost  concluded  that  if  tyrosi 
when  fused  with  soda  gives  hse  to  paraoxybenzoic  a 
it  mu*t  be  a  derivative  of  that  substance,  and  this  he  fouri 
to  be  the  case,  ammonia  and  hydrogen  being  evolv 
when  a  mixture  of  the  substances  was  heated  upon  an 
bath. 

Although  it  will  thus  be  seen  that  something  is  kno 
about  the  conatitution  of  tyrosine,  yet  its  precise  consti^ 
lution  is  far  from  established.     Some  chemists  consider  i 

I  jMim.fne.  Ckem.  (S>  xU.  160. 
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to  be  oxyphenyl-amidopropionic  acid,  but  on  certain 
other  grounds,  the  presence  of  an  amidogen  group  is  dis- 
puted. But  that  it  will  prove  to  bear  a  general  relation 
to  leucine  and  other  bodies  accompanying  it  in  its  forma- 
tion, would  seem  to  be  certain. 

Before  passing  on  to  study  leucine  and  tyrosine  indi- 
vidually, we  may  take  uote  of  a  paper  by  E.  Breschel' 
bearing  upon  the  oxidation  of  theee  aubstances  and  glyco- 
cmc. 

He  points  out  that  when  an  ammoniacal  solution  of 
glycocine  is  treated  with  ainmouium  perinaiigjujate,  there 
ifl  formed  a  precipitate  of  peroxide  of  manganese  ;  and  in- 
asmuch Hs  on  addition  of  calrjuui  nitrate  to  the  filtrate, 
calcium  carbonate  and  oxalate  are  precipitated  and 
more  of  this  mixture  formed  on  boiling,  he  concludes 
that  the  solution  miLst  have  contflined  oxnmic  and  car- 
bainic  adds  (amides  of  oxalic  and  carbonic  acid ;  see 
'Urea*). 

The  same  amides  are  fonned  when  an  aqueous  solu- 
tion of  glycocine  is  oxidised  with  potaesic  permanganate 
and  also  when  leucine,  tyrosine,  or  albumin  are  similarly 
treated. 

Reasoning  on  these  facts,  E.  Dreschel  concludes  that 
in  tlie  formation  of  urea  from  albuminoids,  these  are  first 
reaolved  (as  is  known)  into  glycocine,  tyrosine,  leucine, 
&c,,  and  then  these  latU-T  are  convertetl  by  the  oxygen  of 
the  blood  into  a  carbamate  which  is  finally  transformi^d 
by  a  ferment  into  urea. 

The  author  appears  to  have  confirmed  his  opinion  by 
preparing  calcium  carbamate  NHj.(00.0(CaO}Hj  from 
the  serum  of  dog's  blood. 

■  Jvurti,  fvoc.  CWt.  (3)  lit.  417-i26L 
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These  consi  derations,  when  studied  with  those  givea 
under  '  Urea '  and  '  Albuminous  Bodies  *  are  specially 
interesting  as  elucidating  the  chemical  changes  continu- 
ally going  on  in  the  UWng  body. 

We  may  now,  without  further  digression,  pass  on  to 
the  more  particular  study  of  leucine  aud  tyrosine. 


Preparation  of  Leucine  and  Tyrosine. 

Leucine  is  found  in  the  animnl  economy  where 
tyrosine  is  met  with,  aud  pai'iicularly  is  this  true  of  the 
lung  and  liver  tissue.  In  urine  both  substances  are  only 
present  in  cases  of  deep  disease ;  thus  they  have  been 
detected  in  jaundice,  in  acute  yellow  atrophy  of  the  liver, 
small-pox,  and  typhus,  &c.  In  very  bad  cases  of  malig- 
nant jaundice,  '  the  finer  branches  of  the  hepatic  vans 
arc  filled  with  crystalline  granules  and  firm  yellowish  grey 
strings  of  matter  containing  crystals  in  Ihe  shape  of  balls 
with  a  radiary  arrangement,  and  bimdles  and  sheaves  of 
needles.  Tlie  balls  are  leucine  and  llie  needles  tyrosine ' 
(Thudichum). 

These  substances  may  be  readily  prepared  by  the  ar- 
tificial decomposition  of  every  albuminous  substance,  such 
as  ovalbumin  or  si^ralbumin,  fibrin,  ciiscin,  gelatin,  mus- 
cular tissue,  legumin,  wool,  or  horn.  Horn  shavings  form 
a  ready  source  for  their  preparation.  They  are  boiled 
for  several  hours  in  about  twice  their  weight  of  dilute 
sulphuric  luiid  (containing  about  20  per  cent.  HjOO*). 
The  mixture  is  then  treated  with  an  e.xcess  of  milk  of 
lime  and  boUed  again  for  another  tlu'ee  or  four  hours, 
in  which  operation,  ammonia  and  certain  organic  am- 
mooia  compounds  and  sulphur  are  expelled.     To  the 
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filtered  liquid  is  then  add«l  a  slight  cxceaa  of  sulphuric 
acid  or  acetic  acid,  filtration  resorted  to  (when  the  first 
named  acid  h  used)*  and  the  fluid  evaporated  wiUi  a 
view  to  concentration.  On  cooling  of  the  concentrated 
liquid,  crptallinc  tufts  of  tyrosine  are  first  deposited,  and 
ijom  ihe  mother  liquors,  uii  further  concentnitioH,  scales 
of  leucine  are  separated. 

Of  course  there  accompany  leucine  and  tyrosine  in 
the  primary  liquid  a  number  of  decorapositioa  pro- 
ducts of  unascertained  nature,  although  perhaps  equally 
important,  together  with  glutamic  and  aspartic  acids,  and 
those  other  amido-acids  of  which  a  brief  description  has 
been  given  when  describing  Sclnltzenbei^er's  researches 
on  albuminoid-s  in  the  chapter  on  that  subject. 

Another  good  source  of  leucine  and  tyrosine  is  the 
dry  residue  obtained  in  the  preparation  of  extract  of 
meat. 

Instead  of  the  sulphuric  acid  in  the  operation  above 
descrilied,  caustic  potash  or  soda  may  be  used,  if  preferred, 
in  which  case  the  subaequcjit  proceedings  have  to  be 
adapted  to  these  altered  tdrcuni stances. 

Bopp*  recommends /(«!?(5  dried  casein  or  other  albu- 
minous matters  with  their  own  weight  of  caustic  potash; 
ammonia  and  (subsequently)  hydrogen  are  evolved,  and 
when  the  mixture  changes  colour  from  dark  brown  to 
yellow,  the  reaction  is  considered  to  be  completed.  The 
mass  is  then  cxwled,  and  on  treatment  with  water  gives 
a  solution  which  after  slight  acidification  with  acetic 
acid  and  concentration,  deposit*i  first  tyrosine  and  then 
leucine. 

*  Lieln^'s  AnRtJen.ljix.  SI, 
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Purijjcatiotiy  Propertien,  and  Decompositions  oj 
Leucine. 

For  the  purificatioQ  of  leucine  Thiidichum  reoora-j 
mends  '  trituration  and  gentle  heating  with  concentrate 
nitric  add  until  a  slight  reaction  is  perceptible, 
solution  is  then  diluted  with  much  water  and  fully  preci- 
[litated  with  nitrate  of  mercury,  filtered,  and  the  filtrate 
allowed  to  stand  for  several  dnys.  The  secondary  deposit 
which  fonns  under  these  circumstances  is  sejwrated  by 
filtration  and  the  fluid  neutraUaed  by  ammonia,  then 
evaporated  to  the  point  of  crjstallisatioa.  The  leucine 
so  obtained  (in  plates)  Is  further  purified  by  recrystAlliaa* 
tion  from  moderately  strong  boiling  alcohol. 

When  present  in  urine,  leucine  separates  in  oily 
drops  from  the  concentrated  solution,  but  if  these  are 
isolated  and  dissolved  in  Iiot  alcohol,  the  fluid  deposits 
the  crystalline  substance  on  cooling. 

TImdichum*  also  gives  a  method  of  obtaining  leucine 
from  all  animal  fluids.  These  are  fully  and  succeasiveljM 
preripitnted  with  u'?utral  and  basic  acetate  of  lead,  and  th^^ 
filtrates  freed  from  lead  by  hydrosulphuric  acid,  after 
which  they  are  treated  with  sulphate  of  co])j>er  until  a 
filtered  samjtle  gives  with  potash  a  blue  precipitate.  The 
mixture  is  then  freed  from  sulphiu-ic  acid  by  boiling  with 
Kirium  carbonate,  and  the  ultimate  clear  solution  evajH)- 
rated  near  to  dryness,  when  a  compound  of  leuciue  with 
copper,  having  tlie  empirical  formula  C,8Ha,Cu,N,0„  \* 
deposited. 

licucine   is  not  unlike   cholesterme   id  a[ipcar:mc 


PMMojy  9ftht  Vrmt.    Snd  edit.,  p.  01:2. 
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being  unctuous  to  the  toucli  and  having  a  speojfic  gravity 
less  than  that  of  water.  By  cftrcftil  heating  it  may  be 
aublimed  unchanged,  and  in  this  state  it  presents  a  woolly 
mass  which  is  seen  under  the  microscope  to  consist  of  an 
aggregation  of  rhombic  ]>Iat«s.  At  a  higher  temperature 
(170"  C.)  ii  melts,  and  when  still  further  raised  it  suflers 
decomposition,  yielding  among  its  products  of  change  a 
yellow  oily  liquid  containing  much  carbonate  of  am- 
monium and  amylamiue  (CbH,i{NB,)). 

Leucine  is  soluble  in  27  paits  of  water  at  normal 
atmospheric  temperatures,  its  solubility  both  in  water  and 
alcohol  being  increased  by  the  presence  of  acetic  acid  or 
])otassic  a<H;tMle.  It  is  sj>aringly  soluble  in  cold  absolute 
alcohol,  and  insoluble  in  ether.  It  dissolves  in  658  parts 
■of  75  per  cent,  alcohol,  and  in  1040  parts  of  96  percent. 
alcohol ;  it  is  also  soluble  in  alkalies. 

When  dissolved  in  the  acids  it  combines  therewith, 
forming  crystallisable  compounds. 

Although  the  wateiy  solution  of  leucine  is  not  preci- 
pitable  by  3a!t.s  of  metals  with  mineral  acids,  yet  when 
boiled  with  certain  chlorides  or  acetates,  leucine  expcU 
the  acids  and  forms  insoluble  compounds  with  the  metals 
r  Among  the  most  important  compounds  are  the  fol- 
lowing : — 

Hjdmdilaride C„EuN0,HC3l 

Xitww C,HuNO,HNO, 

Mono<>upric  diUfuciiie    ....        S(C,H„NO,)Cu 
Bicoprk  trUeudne                       2(C«n,^0,)Cu.C,K„CiiN(), 
Tha  ounurial  Mlt        ....        3(UJI„NO,)Hg 
T1»kwlMlt y(CJl„SO,)Pb 

When  fused  with  caustic  potash,  leucine  yields  valerate 
And  carbonate  of  potassium,  while  ammonia  and  hydrt^cn 
are  »et  free,  as  follows : — 

C,H,^,  +  3KH0  -  KO,H,0,  +  K,00,  +  NH,  ♦  2H^ 
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Under  certain  conditions  potas^um  cytinido  la  nb 
formed,  ihiia — 

0^I„NO,  +  aKHO  =  KC»H  A  +  ^CN  +  H  ♦  2H,0. 

An  aqueous  solution  of   leucine  is  decomposed 
aitrous  add,  giving  leucic  acid  (C«H„0,) 

2(0^I„N0,)  +  X.O,  -.2(0,II„0,)  +  4N  +  Hfi. 

This  decomposition  is  exactly  comparable  to  those 
otliere  by  which  glycolic  and  lactic  acids  are  produced 
fipom  glycocine  and  alanine  wliun  these  latter  substance* 
are  similarly  treated. 

Heateti    to  230"*  in  n   current  of  hydrochloric  acid 
gas.  leucine  loses  an  atom  of  water  and  forms  leucimidc^ 
(C,H„NO),  I 

According  to  Schwanert,  when  a  watery  solution  u 
subjected  to  a  current  of  chlorine  gas  it  yields  leucine 
hydrochloride,  valerouitrlle,  and  dichlorovalerouitrile 

7(C,H„N0,)  +  8Cl  -  6(C,II„N0„HCI)  +  0,I1,CI^  +  OCV 

Leucine  also  yields  valerouitrile  when  distilled  with' 
dilute  sulphuric  acid  and  peroxide  of  manganese,  thus— 

0«H,^Oj  +  Oj  =■  C,U,N(ValftromirUe)  +  00,  +  2H,0. 

Ou  the  other  hnnd,  when  distilled  with  peroxide  of  lead 
and  water,  leucine  gives  ammonia,  butyric  aldehyde,  and 
carbonic  anhydride. 

As  already  stated,  leucine  is  known  to  be  mnido- 
caproic  acid,  or  C6Hii(NH,)0s,  and  tliis  ransiitution  is 
confirmed  both  by  its  modes  of  decompoation  and  also 
by  the  synthesis  ciTcctcd  hy  Limpricht.  This  latter  con- 
sisted in  boiling  the  compound  of  valeric  aldehyde  and 
ammonia  with  an  excess  of  hydrocyanic  and  hydrochloric 
acids  until  the  oily  liquid  which  is  at  one  lime  produced 
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has  disappeared.     The  following  equation  illustrates  ilic 
ay  u  thesis  :  — 

C,H,<,OAHj  +  HON  +  HOI  +  HjO  .  C.HjjNO,  +  ^^I.Ca. 


Pur^cation,  Propertie.%  mid  Decompositions  of 
Tyrosine. 

Tyrosine  (CoHuNO,)  is  obtained  aa  described  uuder 
leuciae,  and  may  be  purified  by  solutiou  iu  hy<lro<^lvloric 
add  and  precipitation  with  sodium  acetate,  digestion  with 
animal  charcoal,  if  necessary,  being  previously  resorted 
to  with  the  acid  solution.  Or  the  crude  crystals  may  be 
dissolvetl  iu  potash  and  reprecjpitated  widi  acetic  at^id,  or 
recrystaUi3ed  from  oninioiiia.  When  very  much  coloured 
it  b  best  to  convert  the  tyrosine  into  hydrochloride. 

It  forms  long  fibrous  crystals,  of  a  silk-like  lustre 
(when  com[iressed)  and  white  colour,  which  are  very 
sparingly  soluble  in  cold  water,  alcohol,  and  ether.  Itx 
boiling  water,  however,  tyrosine  readily  dissolves,  as  also 
in  acids  and  alkaUcs,  giviug  iu  these  cas(»  compounds 
soluble  in  alcohol. 

It  forms  a  number  of  unstable  metallic  compounds, 
among  the  principal  ones  being  those  represented  by  the 
formula,  C,H3aN0„  H,0;  2(CUIioNO,)Ba ;  C,H,AgjNOh 
H,0;  and  2(CyE{,„AgN0„)H,0. 

The  acid  combinations,  C,Hi,NO„HCl ;  C,H„NOft 
HNO, ;  and  C»Hj|NO,.E,SO„  are  all  crystalline,  but  are  all 
partially  decomposable  by  water. 

The  colligated  acid  produced  by  treating  tyrosine  with 
turning  sulphuric  acid,  when  neutrahscd  by  lime,  filtered, 
mixetl  with  ferric  <'hloride,  gives  a  peculiar  violet 
iution.     Another  delicate  test  of   tyrosine  is  afforded 
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by  the  red  precipitate  which  is  obtained  when  its  solution 
is  heated  with  a  nearly  neutral  solution  of  mercuric 
nitrate.  This  precipitate  b  a  body  of  the  formula 
C;H.(NO,).NO«Hg. 

By  cautious  distillation,  tyrosine  yields  almost  exclu- 
sively ethyloxyphcuylainine  and  carbonic  anhydride 

c,n„xo, .  c,n,o,Cjn,XH4  CO,. 

Oxidised  with  nitric  add  it   yielda  at  first,  yellow 
crystals  of  the  nitrate  of  nitrotyrosine  (C,Hio(NO,)NO, 
HNOs),   {haviug  itself  further  powers  of   combinatior 
with  acids  and  bases),  and  by  further  oxidation  then?  15* 
produretl    nitrotyrosit-  acid.  C,Hia(NO,)XO«,  and  aubse-^ 
queutly  oxalic  acid.  ^| 

By  limited  oxidation  with  jrotassium  dicliromate  and 
sulphurii^  acid,  tyrosine  yields  a  body  of  the  composition 
C3iiN0u,Cr,0„3H,0 ;  by  further  oxidation  tliia  is  de- 
stroyed. 

Of  the  decomposition  of  tyroane  when  fused  wit 
potash  we  have  already  treated. 
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CHAPTEE    XIX. 


CUBMISTKY  OF  ANIMAL  CA&IJOUYDRATBS. 


[B  occurrence  of  a  starcli-like  priaciple  in  the  liver ; 

[the  presence  of  inosite  in  the  brain  and  muaclea;  lactose 

in  milk,  and  grape  sugar  in  the  blood  and  urine  in  casea 

I  of  diabetes,  makes  it  worth  while  to  consider  a  little  more 
in  dctiiil  what  is  known  about  the  constitution  and  rela- 
tionships of  the  bodies  termeil  in  chemistry  '  carbo- 
hydrates.' In  vegetable  chemistry  (a  subject  not  intended 
to  be  dealt  with  in  this  work)  tliuir  importance  is  much 
greater  even  than  in  animal  ehemistn,-,  so  that  ennraera- 
tion  of  the  main  facta  will  suffice  for  the  present  purpose. 
All  the  carbohydratea  apparently  contaui  aix  atoms  nf 
carbon  in  the  molecule,  and  they  also  contain  hydrt^cn 
and  oxygen  in  the  proportions  in  which  they  co-exisl  in 
Kvater.  Their  assigned  formula;,  however,  are  in  many 
"  <'ases  but  the  expressions  of  empirical  composition,  and  it 
is  left  for  further  researche:^  to  estabUsh  whether  all  really 
contain  six  atoms  of  carbon  to  the  molecule,  or  whether 
some  at  least  may  not  contain  some  multiple  of  this 
number  of  carbon  atoms.  Many  of  them  are  mutually 
convertible  by  processes  resulting  iu  tlie  abstraction  or 
fixation  of  the  cIcmenLs  of  water,  while  they  are  also  more 
or  less  susceptible  to  processes  of  fermentatioiL  Again, 
lOat  of  them  yield  oxalic  acid  by  oxidation  with  nitric 
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acid,  and  when  treated  with  &  mixture  of  stroDg  nit 
aud  sulplniric  adds,  they  yield  substitution  compount 
eimilar  to  gun  cotton ;  in  other  words,  hydrogen  is  8a\ 
stiluted  by  peroxide  of  nitrogen. 

From   the  synthetical   researches  of  Bertlidot 
others,  it  would  appear  that  some  of  the  sugars  are  p£4j 
iitomir  alcoluda,  hkc  glycerine.     Indeed  lit;rthelot 
conjointly  with  Be  Luca,  prepared  a  variety  of  sugar 
glycerine.     Thus  the  bodies  oompreheuded  in  thia  cl 
racier  may  bo  regarded  as   heshydric  alcohol    of 
general  formtda  CoH)n_«(OH),.     In  connection  with 
part  of  the  subject  it  is  interesting  to  remember  that 
the  researclxes  of  Hosenstielil  aud  others,  it  is  rt-ndci 
probable,  although  not  certain,  that  a  kind  of  sugar 
be  produced  from  benzene  (C,Hb)  itself.    When  ben2( 
is  treated   with  liyiwchlorous  acid,  direct  combiuati< 
occurs,  and  the  body  C(H(,C],Oi  is  formed,  and  when 
is  treated  with  sodic  carbonate,  the  following  n 
perhaps,  talces  place : — 

Phcnosc,  as  this  body  is  t«*med,  is  not  fermentible,  bnl 
if  \U  production,  in  the  way  described,  be  bereaAerws 
confirmetl,  it  is  of  the  greater  importance,  since  it 
connects  the  so-called  carboliydrates  with  tlie 
series  and  with  the  (atty  acid  series. 

It  should  be  remarked  that  closely  related  to 
carbohydrates  are  a  few  other  bodies  which  coDtaiii 
hydrogen  and  oxygen  in  different  proporlioD,  and  indeed 
it  is  to  these  substances  more  particularly  that  the  cha- 
nicters  of  hexhydric  alcohols  are  ascribed.  But  this  hard 
and  fast  line  cannot  be  maintained  with  any  she 
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[rcaaon,  although  it  is  to  bo  admitted  thai  the  amylaceous 
saccharine  principles  proper,  deport,  themselves  not 

rely  as  alcohols  but  also  ns  uMchydcs. 

Inthe9erieaofhexhydricalcohols,maiinite(Csnii(OII)(;), 
I  from  manna  (the  dried  saj>  of  Fraxmuti  ornus],  and  dulcitfi 
i(C,H8(OH)e),  which  is  isomeric  witli  raanuite  and  obtjiined 
[■from  various  species  of  Mehimpyrum^  arc  placed. 

The  carbohydrates  may  be  conveniently  divided  into 
Ithreegroups,  viz.,  the  glucoses,  saccharoses,  and  starches, 
[and  the  following  table'  exhibits  their  formula;  and  best 
ttnown  members. 


GloeoHt 


LktoIow    . 

n  And  d  giilnctoBe 
I  AntbiroAe  . 

Sorbin,  EnoJyii . 
UDoaite 


o,n,.o. 


'  Sftcdiiuow  (cane  lag&r)    .  \ 
M&ltoeo     .        .        •        ■ 

SftcchAftSMB-   Lftctoee  (roUk  Bujfar)         ,  -C„HbO„ 
.\rftbin  (^um  arabie) , 
'  MMitoM,M«iliziUtw,Tr*h>IaMj 

(Starch,  InuHu    .         .        ,  \ 

I)*xtriti,  Glycogen      .        .  tC-H,A. 

UeUuJoso    ....  J 


Those  members  of  these  different  groups  which  ap- 
proach sugar  or  gum  ia  geDeraJ  properties,  are  soluble 
in  water,  while  others,  like  ordinary  starch,  dissolve  in  an 
imperfect  sort  of  way,  partaking  rather  of  the  nature  of 
difluaion  than  solution.  Cellulose  is  rjuite  insoluble  in 
water.  Again,  the  saccharoses  are  convertible  into  dex- 
hfivulose,  or  galactose,  by  prulonged  boiling  with 
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dilute  sulphuric  acid.     Illustrative  of  theae  changes 
following  equation  is  exemplary:* — 

CkuiB  Bncw  4-  Water       s     OutniM        *     tjBindtMe 

Further,  certain  of  the  compounds  hereiuhefore  men- 
tioned arc  resolved  into  anhydride  like  principles  when 
carefidly  heated,  and  these  in  their  turn  are  again  cliai^ed 
into  the  original  substances  by  l)oilti)g  with  dilute  acida.!^ 
Thus  dextrosL*,  lajvnlose,  and  maunite  split  up  ta 
followa : — 

Isirxa^K.  tJernlnmat, 

c,H„n.       -  C,H.,0.  -  H,0. 


MnjintrMie. 


Among  the  glucoses ;  sorbin,  eucalyn,  and  inosite 
distinguished  from  the  other  members  by  the  foct  tl 
they  do  uut  undergo   fermentation  in  the  pi'esence 
yeast. 

Among  the  saccharoses,  cane  sugar  is  first  resoh 
into  dextrose  and  Icevulose  before  it  ferments  ;  the  sai 
with  maltose.  Milk  sugar  is  also,  probably,  first  c< 
verted  into  galactose  before  It  fonnent"*. 

In  the  annexed  table'  is  sumniarised  tlie  princi| 
properties  of  a  few  of  the  more  important  glucoses  and, 
smx'haroses. 

Glycogen,  which  has  been  more  particularly  descrit 
in  the  Chapter  on  Glycosuria,  is  a  substance  belonging 
the  group  of  starches.     It  yields  dextrose  by  boiling 


'  MiUvr'i  OrgnHic  Chtmittry,  rol.  iti.  p.  91  (.lid  editioo). 
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PROPKBTIBg   OF   GLLXXISES,    ETC. 


40h 


"nsMr  ud  Ortflfn. 

GLUCOSES: 
EtrcMW,  or  gra|w  »iijfM, 
C,H„O^.IL,0;  from 
dried  Iruitfi,  or  from 
i>t«n;h  by  nieauia  vf  acid, 
or  from  glyco^ii  oi 
liver,  or  aa  found  in 
urine  iu  dialx^tea. 

|l^Tulo«c:  From  itenat 
fruiU,  mid  from  cane 
cu^rbr  actiunuf  iicida, 


Inosite :    From    brnin 

^m&tI•>^    ikud     muM^iilitr 
tiwue, 

SACOHAUOSES: 
Cane  eufrar.     Or  euctom, 

LOum  eufnvr-cane, 
o.,n„o,, 

t«etoM:  Or  milk  tagtr, 
from  wliAV  of  milk, 
O„]l„0„jl,0. 


PrtMlpa]  rrapcrtlM. 
Cr)-8tallii««  in  enbee  or  squara  tslilee.  Soluble 
in  Willi']',  niitl  moie.  .snliiblr  in  nli-nliol  tlinu 
cnti«  Hufr&r,  Ih  procipititti^d  by  BUUBoniacal 
l«wi  &ci;uile.  r*diiffes  potJisfrio-CMpric  Uirtnitf 
murcurj-,  «ilrer  and  ^M,  frutu  thttr  bo'iUii^ 
Rijlutions.  F+imifiiw  rwidily  mith  vfuat ; 
prodiicea  ripbt'lLand^d  rotstjon  »  67 '4"^ ; 
^'id.d»  MLCClinrir  and  uxnlic  nc'idit  with  nitiic 
Kcid. 

Is  not  CrystAlUMble ;  is  soluble  in  dilute  olcohol  j 
in  ii(>t  ])rKcipi  tailed  bv  iiiibiu-utftin  of  leml ;  r«B 
dui»«  aljialiiie  potawio-cupric  tartrnle ;  y)«ld« 
a  liifi-bunded  rouitioii,  -  -  20°  («t  16"  C.)  i 
uudviyuea  nlcobolic  rermeiilniian  with  ymrt, 
and  id  pnitially  convertiMu  into  ^pe  tagu 
by  long  boiling:  with  dilute  acids. 

CrvstftlliMB  in  nidiat<>d  tufts;  Holufale  in  water; 
iimdubiwiu  alcohol  and  i?lhi>r;  U^mw  it«  w«t«rof 
cryBtalliaation  at  100°  C3.,  fuse*  at  ^10"  0.,  ud 
lo»«a  more  water ;  is  witlioul  action  on  pular- 
ia«d  lifflit ;  duee  not  reduc<^  FeLding'e  aoktiuu  ; 
tft  not  auBocjitibtc  of  alcoholic  fannentadun, 
but  underg^iea  fdrmentation  witli  ebocao  aod 
clialk,  yiiflding  lactic  and  butyric  ncida.  la 
not  cliaog^  by  builiii);  with  dilute  acids;)* 
pn>ct|iitated  by  auiniouio^'a]  lend  ari-latc. 

CryetallisM  in  rhombgidal  prinns;  v*ry  aoluWe 
in  wHttir,  and  Ioh!  fo  in  diliito  alcohol.  Fuaea 
at  160°  0. ;  ia  not  precipitated  by  &ubaoeteto 
of  iMid,  but  only  by  aramitniacal  iMd  acetate. 
UoM  Mat  redui-tt  Ft>bUii^''a  aulution;  producca 
a  ri)irbt-haiided  rolBtion  -  T^-f*";  unddrfnx^a 
alcotiiiliif!  fer  men  tat  ion  with  yeaat.  Splita  up 
by  boiling  with  dilute  acids  into  dustroM 
and  la^'TiiloM-. 

t.'ryGtalliaee  tn  foui^aided  prisms ;  is  not  bo  aulubia 
in  waloT  a«  gnpc  aufrar ;  nearly  involuble  in 
alcohol  and  etber ;  is  precipitate^  by  ammo- 
niHcat  lead  acetate;  mluc«s  alfaaline  solutlone 
of  copper,  ailter,  and  mercury  wbwn  boiled 
with  them;  produCL-a  ripbt-band«d  fotation 
-  56*4° ;  is  oonTertpd  intu  galaeUMO  by  boil- 
in/  witb  dilute  acids,  and  yields  mucie  and 
oxalic  acids  on  oxidation  witb  nitric  acid. 
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dilute  acids,  or  by  contact  with  diastase,  saliva,  pancre- 
atic 6uid,  and  other  soluble  fennents. 

Very  little  is  known  about  the  constitution  of  the 
starches,  but  some  researches  which  O'Sullivan  has 
recently  conbibuted  to  the  'Journal  of  the  Chemical 
Society*  are  likely  to  lead  to  some  important  decisions 
as  regards  the  changes  and  relationships  of  certain  mem- 
bers of  this  group  and  the  approximating  groups  of 
glucoses  and  saccharoses. 
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CHAPTER  XX. 


ON  THE   FATS   AND  FATTY  ACTM  OP  THE   HUMAN   BODY. 


TffE  term  *  fat '  is  applied  to  &  great  number  of  similarly 
[constituted  principles  of  wide  occurrence  in  the  animal 
and  vegetabU;  worlds,  and  the  precise  history  of  the  func- 
tion of  fat  in  the  system  is  one  of  the  most  interesting 
subjects  in  animal  chemistry. 

It  is  entirely  unnecessary  to  give  more  than  a  general 
description  of  the  nature  and  properties  of  fata,  for  their 
chemical  bearings  are  not  Buf!icieiiily  known  to  enable 
US  thoroughly  to  understand  how  they  are  produced,  or 
the  exact  steps  by  which  they  are  resolved  into  other 
6ubatano*a  in  the  body. 

Chemically,  they  may  all  be  viewed  as  derivatives  of 
the  triatomic  alcohol  glycerine  (CHj(HO)i),  in -which  the 
hydroxylic  groups  are  replaced  by  t!ie  radicles  of  fatty 
acida.  So  far  as  most  of  the  fats  are  concerned,  the  fatty 
acids  yielded  on  decomposition  belong  to  the  series 
C,HtoO, ;  thus  palmitin,  margarin,  and  stearin  give 
acids  belonging  to  this  scries.  Other  fats,  such  as  olein, 
give  acids  of  the  series  C„H,,_iOj.  There  seems  to  be, 
however,  a  definite  relation  between  the  adds  of  these 
two  series — a  consideration  more  particularly  pointed  out 

he  Chapter  on  the  Pcttcnkofer  Raiction. 
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line  mibstance,  meltJDg  at  705* C;  wliile  palmitic 
[CjtHjjO,),  which  is  nlsio  white  luid  crystnlline,  melis 
62°  C.    Stearic  acid  may  be  ubtaiued  in  beauiiftil  coloi 
leiia,  transjiarfnl,  rhombic  plates  by  recrj'slflUisation  frc 
alcohol,  while  by  a  simitar  process  palmitic  acid  may 
obtaiiu-d  in  tiifta  of  delicate  Dccdlcs. 

Margaric  acid  (CuHjA)  is,  according  to  Hcintz,! 
mixture  of  palmitic  luid  stearic  acids,  aevcrtbolcss  it 
by  no  means  certain  thai  an  individual  acid  of  tliis  fo 
mula  does  not  exist ;  and  indeed  it  has  been  shown  (wh< 
trcatinjf  of  Brain  Chemistiy)  that  its  existence  is  bigl 
probable. 

Oleic  acid  (C|»H„0,)  is  fluid  nt  ordinary  tcmperauii 
and  when  ftised  gently  with  caustic  alkalies,  yields 
mitic  acid  and  acetic  acid,  thus: — 

C„n^O,  +  SKHO  -  C,^„KO, + C,H^P^ + SII. 

All   these  fatty  acids  are  readily  soluble  in 
alcohol,  and  much  more  so  in  ether,  benzene,  &c.   Wlij 
present  in  admixtnrc,  they  may  be  separated  by  ^-arit 
methods. 

(1)  By   fractional   ci-j'slaliiwition  from  alcohol; 
earlier  crups  containing  more  stearic  acid,  ami  tlic  ul 
mate  mother  liquors  most  of  the  oleic  add. 

(2)  By  dissolving  in  hot  dilute  nmuioijia  wnler, 
precipitating  the  acids   by  neutralisation,  cooling,    aud 
pressure  of  the  prodtict  between  folds  of  porous  i>ap( 
In  tliis  way  mo^t  of  the  oleic  add  may  be  separated. 

(3)  By  converting  into  barium  salts,  and  extras 
the  dried  salts  with  boiling  absolute  alcoliol.     OnlyoU 
of  barium  di8:*olve8  (to  the  extent  of  5  grins,  per  litre). 

(4)  By  making  into  lead  salte,  and  cstraction  of 
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lead  compouiuls  with  ether.     Oleate  of  lead  dissolve*,' 
and  this  by  decomposition  with  hydrocliloric  acid,  yields 
the  free  acid  wliich  may  be  extracted  by  ether. 

(5)  The  mixture  of  palmitic  and  stearic  adds,  freed 
from  oleic  acid,  may  be  dificrcntiated  by  fractional 
tuUisation  from  alcohol,  or  the  alcoholic  solution  may  be 
fractionally  precipitated  by  means  of  an  alcohoHc  solution 
of  tend,  barium,  or  magnesium  acetate.  The  most  insoluble 
parts  of  the  precipitates  (viz.  those  obt^iined  earHest)  con- 
tain most  stearic  acid,  while  the  later  ones  contain  more 
palmitic  acid,  and  by  a  rei)etition  of  these  processes  upon 
the  various  fractions — or  better,  the  extreme  products — a 
tolerable  separation  may  be  effected. 

I  refrain  from  entering  into  any  fiirther  study  of  the 
fatty  acids  or  their  derivjitivcs,  because  what  is  known  is 
not  suflicieni  to  reveal  tlidr  general  relations  with  other 
groups  of  bodies,  and  until  tlie&e  are  ascertained  it  ia 
impossible  to  make  tliose  pliy^iological  cousiderationa 
B     which  should  pro]>orly  follow  upon  them. 

From  the  gradation  of  chanicler  exhibited  by  various 
fata,  and  inasmucli  as  in  nature  they  occur  for  the  most 
part  in  admixture,  it  is  extremely  diflloult  to  isoUi^le  ihem' 
in  an  absolutely  pure  state,  and  thus  it  arises  that  in  all 
probability  there  exists  iu  nature  a  much  Urger  number 
of  fats  than  arc  at  present  established  as  known. 

For  iustauce,  up  to  quite  recently,  melissic  acid 
(C^H^^O,)  was  the  highest  known  member  of  the  series 
of  ftOJds  indicated  by  the  geuend  formula  CJi^O,,  but  I 
have  since  shown'  that  there  can  be  obtained  from  cocoa 
buttcra  crystalline  acid  (Thcobromic  acid)  presenting  an 

'  /(Funi.  Uiem.  Soc.,  Jmsmty  1876. 
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em[iiriral  UniiiuJu  ccrtuiuly  as  high  as  Cs^UifciUj,  and 
h&ii6  higher,  while  liiis  is  accompanied  by  auoiher  nci 
eohd  aud  cr}'8taUiue  add  prububly  lower  than  lauric  acM 
(CuIla^O,)  in  the  series. 

In  the  same  [laper  certain  consdderaiions  are  Stat 
which  render  it  probable  that  there   may  exist   (a 
hav-iug  a  more  complex  structure  tlian  the  bott4>r  knov 
members.      For  instance,   while  ordinary  fats  have 
three  hydroxyls  of  glycerine  substituicil  by  three  mole-_ 
cules  of  the  same  fatty  acid  radicle,  there  pixibably 
fats  in   ^vbicli  the  thi'ee  hydroxyls  are  substitnted 
three  different  fatty  acid  radicles.    Thus  taking  the 
mula  of  ordinary  palmitin  to  be 

It  is  conceivable  that  cocoa  butter  lias  a  formula  not 
removed  from 

[0.,H„0, 

All  fats  when  treated  with  water  in  sealed  tubes,  or  sal 
mitted  to  superheated  steam,  or  boiled  with  alkalies,  «pl 
up,  yielding  glycerine  and  fatty  acids.     Thus  tristearii 
when  8a]>onified   with  caustic  soda,  is  decomposed, 
expressed  by  the  following  equation  : — 

0,H,(0„H„O,),  +  SNaHO  - C,n,(110),  +  8C„n^NaO,  ; 

that  is  to  say,  glycerine  Is  set  fi'ee  and  stcarate  of  aodit 
is  fonned. 

Although  butyric  acid  {C^H^Oj)  is  found  in  the  aw« 
and  fatty  acids  are  found  in  an  emidsed  sUiie  in  the  bodj 
yet  it  am  scarcely  be  said  that  fatly  acids  enter  int 
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the  compoailioa  of  the  body  itself.  Where  tliey  occur, 
ihu-y  are  intermediatt;  products  of  change,  which  are 
either  elaborated  in  the  body  into  fats,  or  oxidised  in  the 
blood,  or  given  off  as  excretive  products.  lu  fact,  from 
a  mimber  of  considorationa,  it  almost  necessarily  follows 
that  the  fat  which  is  formed  in  the  body  and  exists  there 
in  adipose  tissue  or  otherwise,  is  coiatructed  within  the 
body. 

Fai  cells  {joliiculi  sebacei)  arc  scattered  over  the  whole 
surface  of  the  body,  and  secrete  a  peculiar  iat  which 
keeps  the  skin  supple  and  flexible.  It  does  not  appear 
to  have  a  coustaat  comjKJsition,  and  it  is  associated  with 
other  principles,  as  shown  by  the  following  analysis 
of  EscDbeck/  conducted  upon  the  fat  secreted  by  an 
enlarged  sebaceous  gland  :— 

Slearia          .               24-H 

ExIrocdTo  matter,  witli  aaiue  olein       ....  ISIl 

tMlivar}-  matter IIU      ^ 

Albuuiiii  with  ciucin  (?) S4*3 

Pbo8p]i&t«  of  L'ttlciuiu    .......  20*0 

Cvbuiiau  „        „ 2-1 

Carbonate  of  magnoHiuni 1-6 

TrtcM of  ftc«tat« and  chloride  of  aodimu,  and  loM  S7 

Aggregations  of  fat  cells  also  way  atid  generally  do 
occur  in  many  parts  of  the  body,  as  in  the  orbit,  about 
the  heait  and  kidneys,  *ic.  When  present  in  other  parts, 
»ir  presence  chiefiy  depends  upon  the  state  of  nutrition 
and  individual  habits,  and  ordinarily  such  accumulations 
are  r^arded  as  a  reserve  stock  formed  from  excessive 
nutriment. 

These  accumulated  globules  form  masses  w'hich  are 
either  suspended  in  fluids  or  lodged  between  fibres. 

*  TbImo  from  Simoo'e  Avimat  C^enuitry,    Sjrdenlwm  Sodotr  ediUon. 
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Of  the  relation  of  fat  in  the  body  to  the  function  of 
respiration  and  nuthtion,  cogniaaace  has  been  taken  in 
other  cliapters. 

]f  in  any  part  of  the  body.oxidation  is  impeded,  there 
fat  fornu,  as  for  instance  is  the  case  in  fatty  de^^eueratioo 
of  the  heart  and  liver  (?).  ^ 

Hunum  fat  melts  at  about  fiU'C.,  and  contains  pal-" 
mitin,  C3ll„(CulJs,0j)i;  sieaxiu,CsHj(CwHsjO))s ;  andolein,— 
C«HB(CiBll3a03)s,  togetlier,  i)erha])s,  with  others  whoseoon-V 
slitulions  have  not  been  established.     That  this  is  so,  is 
the  more  probable  considering  the  close  relation  existing 
between  fats,  saccharides,  and  tlie  phosphorised  principles 
of  l)rairi  matter.     Thest;  latter,  indeed,  may  be  regfu-ded 
as  synthetical  products  formed  from  tats  and  other  mat- 
ters capable  of  presenting  phosphorj'l  and  nitrogenous 
bases  in  a  suitable  form  for  combination.     (See  Chapter    ' 
on  Brain  Chemistry.) 

Before  proceeding  to  discuss  the  formation  of  fat  ii 
the  body,  it  may  be  worth  while  to  point  out  a  little  morc^ 
closely  tJie  intimate  chemical   reUuion   between  starch, 
sugar,  and  saccharides*  and  glycerine  and  glyccrides;  and, 
between  glycerides  and  the   phosphorised  principles 
nervous  tissue.     Ordinary  Btarch  has  the  formula  CjlIioOi 
and  may  be  resolved  into  glucose  by  the  assimilation 
water.     The  glucose  tluis  formed  seems  to  be  a  kind  of 
alcohol,  just  as  glycerine  is,  and  as  glycerine  is  cajxable 
of  forming  fats,  or  glyccrides,  by  reaction  with  fatty  adds, 
so  glucose  and  other  forma  of  saccharine  principles  simi^ 
larly  give  rise  to  gliicosides,  sncch:\rides,  &c.     TIius  W( 
have 
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The  snccliari^e  formed  as  in  the  last  given  equation  is 
illustrative  of  a  great  number  of  similar  bodies  which  in 
their  chemical  propertiea  are  closely  related  to  the  fate, 
and  hke  the  latter  are  resolved  by  sapoiiificatioti  ])ro- 
cesses  into  the  principles  from  which  they  were  originally 
formed. 

Then  again,  glyceridcs  are  seen  to  be  related  to  the 
phosphorised  bniin  principles  by  the  following  general 
fonuulee : — 

flML  piia«phnrlM>l  Bnlu  Prindrte. 

1H0,  sulistituted  b;  fMty  scld  radicle  [HO,  substituted,  <!tc. 

HO,         „  „    „        „        „  (TIO(OPO)0,n„NO,. 

These  matters,  here  pointed  out  so  brielly,  are  replete 
with  scientific  interest,  and  arc  sufficient  to  furnish  ma- 
terial for  research  at  the  hands  of  chemists  and  animal 
chemists  for  many  years  to  come. 

Thus  to  the  chemist  it  would  be  of  [«jculiar  import- 
ance to  construct  corresponding  phosphorised  and  uitro- 
genous  principles  (to  those  above  symbolised)  from  saccha- 
rine principles,  while  for  the  physiological  chemist  these 
connecting  links  between  series  of  bodies  throw  a  light 
upon  the  exiict  mmiwi  operandi  employed  by  nature  in 
her  marvellous  work  of  syiitliesis. 

This  chapter  may  be  fitly  concluded  with  some  ob- 
servations taken  from  an  excellent  historical  summary  * 
of  the  varitius  views  which  have  been  held  regarding  the 
forraation  of  fat  in  the  body.  Tliese  different  views  have 
been  propounded  since  the  discovery  lliat  the  fat  tjtken 
by  animals  in  their  food  is  insufficient  to  account  for  all 
the  fat  stored  in  the  body.  Liebig  origiu;ite<l  the  doctrine 

>  By  II.  W«UIieiail  K  WMt  (Zt^tscAr./.  SioU^,  1. 1-30), 
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that  carbohydrates  contaiaed  in  the  food  is  the  soiirpf  ot" 
such  fat,  and  this  view  has  been  supported  by  Gundlach. 
Hubcr,  Buraas,  Itibie-Edwards.  Boussingault.  Lchmaiin, 
Grouwcn.  Lawes  and  Gilbert,  and  Pasteur.  But  C.  Voh 
ocmtended  that  the  fat  other  thaa  that  ready  formed  in  the 
food,  was  derived  from  the  nitro«enoa'5  parts  of  the  food, 
and  not  fWirn  the  carbohydrat.es  (siich  as  starch).  Slob- 
mann,  G.  Kuhn,  Pettenkofer,  and  others,  by  their  experi- 
inents  lent  support  to  this  \iew.  The  formation  of  adi- 
poccre  demonstrated  the  possibiUty  of  a  conversion  of 
nitrogenous  tissue  into  fet,  as  indeed  seems  to  take  phice 
in  the  ease  of  fatty  degeneration  of  whole  organs.  More- 
over, other  observers  showe<l  that  fet  could  be  formed  at 
the  expense  of  citsein,  and  a  miraber  of  physnological 
experiments  seemed  to  indicate  the  same  or  similar  truths. 
Again.  F.  Hofraann  claimed  to  have  proved  that  the  fat 
ready  formed  in  food  can  pass  into  the  animal  cells  with- 
out change  and  be  stored,  while  Toldt  and  Subotin  denied 
this  proposition.  It  must  be  confessed  as  more  probable 
that  the  absorption  and  deposition  of  the  fat  is  preceded 
by  its  saponification  during  digestive  processes,  much  in 
the  same  way  as  albuminous  substances  are  first  reduced 
to  the  state  of  peptones  and  then  reconstructed  as  tissue 
afterwardB. 

Weiske  and  Wildt  express  an  opinion  which  merits 
great  consideration  from  the  fact  that  it  is  borne  out  by  a 
most  careful  re-searcii.  Animals  were  subjected  to  a 
monthly  weighing  when  fasting ;  the  daily  food  ad- 
ministered was  weighed  and  analysed ;  the  faices  were 
also  weighed  and  analysed,  while  the  bodies  of  the  ani- 
mals operated  upon  were  slaughtered  and  also  submitted 
to  analysis.     As  a  result  then  of  thi»'  research,  the  opinion 
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was  formed  that  while  there  is  no  direct  proof  of  the  con- 
version of  proteids  into  fat  when  food  rich  in  nitrogen 
is  administered  to  omnivoray  there  is  evidence  in  this 
case,  as  also  when  food  poor  in  nitrogen  is  given,  that  the 
digested  proteids  suffice  to  cover  not  merely  the  increase 
of  flesh,  but  also  the  whole  of  the  fet  laid  up  in  the  body. 
From  what  is  known  regarding  the  decomposition 
j>roducts  of  albuminous  principles,*  it  b  not  improbable 
that  Voit's  theory  is  correct  in  some  measure,  but  it  by 
no  means  follows  that  Liebig's  theory  is  not  partly  true. 
Further  investigations  must  decide  these  matters. 

'  See  SchiitzenljergeT'B  rese&rcheB,  descrilied  m  Chapter  iviii.,  on  Albu- 
minous SubetBQCQS. 
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CHiVPTER  XXI. 

THE    PETTENKOFEB    REACTIO.V. 

It  was  observed  many  years  ago  by  Pettetikofer,'  tl 
wlien  cholic   ackl   (C,tHwO»)   was   treated   with  atroij 
sulphuric  ncid  in  the  presence  of  cane  sugar,  a  beautii 
violet  coluiu'  eusued,  and  he  founded  upon  Uiia  rea< 
u  test  for  bile  and  for  sugar.    Since  the  time  in  quesQt 
it  has  been  ascertaiiieil  that  choloidic  acid  (C^UniiO,), 
dyslysiu  (C^HjjO,),  which  iire  derivetl  from  diolic 
by  tlie  abstraction  of  water,  also  gi\"e  the  reaction, 
well   as  the    conjugated    corapounda — glycot-holic 
taurocholir,  acids — which  yield  choLic  acid  by  a  simple 
process  of  dei»mpoaition.     Hyocliolic  acid  (Ci;U„NOj 
and  hyocholalic  acid  (C„H«(,0,),  as  well  as  those  dt 
draled  derivatives  whicli  may  be  obtained  from  the  hi 
subRtance,  also  fumisli  with  sulphuric  acid  and  supar  it 
Petlenkofur  reaction. 

In  treating  of  Bile  and  its  chemistry,  various 
have  been  assigned  for  the  belief  therein  expressed, 
these  eom|H)uiids  above  named  are  metre  or  less  direct 
related  to  oleic  ncid  (Ci,H^Oj),  which  it  has  been  obsor 
lUso  furnishes  the  colour  test  under  description.   That 
connection  of  biliary  adds  with  the  fatty  acids  of  the 
C„1I^0„  although  not  yet  known,  is  still  (probably) 

>  Anm.  Oem.  fMat-m.  lii.  p.  90  (ISU), 
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?ery  definite  character  is  sustained  by  the  later  observations 
[of  King-^ett  aud  Hake,*  of  which  more  anon. 

Gradually  a  nitraber  of  substances  supposed  to  have 

10  relation  to  the  biliary  adds  have  been  discovered  to 
[yield  the  Pettenkofer  reaction  with  sulphuric  acid  and 
[Bugar,  while  yet  again  a  Dumber  of  other  bodies  give  the 
[leaction  with  sulphuric  acid  alone.     Pettenkofer  himself, 

although  he  attempted  to  isolate  the  coloured  principle, 
liras  not  successful,  nor  could  lie  oficr  any  explanation  of 
[the  reaction.  Since  then,  until  quite  recently,  its  further 
'Study  hasnotlwen  effected,  if  we  except  some  few  attempts 
ion  the  part  of  several  observers  to  diagnose  between  the 

colours  given  by  various   substances   by   mains  of  an 
imination   of  the   absorption   spectra.     Kingzett  and 
ce  have,   in  their  paper  already    referred    to,  con- 
[linued  the  study  of  the  reaction,  and,  beyond  making  a 
je  niimber  of  new  olwervatioas,  have  offered  an  ex- 
[planation  of  it.     Before  givitig  this,  it  will  be  best  to 

irrange  the  substances  which  yield  the  reaction  in  two 
[tables,  viz.,  one  including  those  which  give  the  reaction 

nth  sugar,  and  those  which  give  it  with  sulphuric  acid 

lone  (without  sugar). 

AlAlCaiiOM  tcAicA  gint  tfi«  PettenAo/rr  Reaetvm  vith  Stiiykune  Acid 
mid  Suffitr, 

OLolic  add C^H^O» 

Oholoidic  acid O^aR^O^ 

Dyntywn C^H^O, 

TWiirocholic  aciA C^H^NSO^ 

Glypocholie    „  ......  C]^„NO< 

Urocholic      „ 0„ITJ!fO, 

Qjucbolalic    „ O^n^O, 

Utborellio     „ OmH^O^ 

OWo  „ C„H„0, 

'  P^er  nuul  befora  tbe  Lonilon  Ohciaicsl  Sooietf,  January-  1$,  iS77, 
ImaA  printed  in  PAarm.  Journ.  Mav  12,  1877. 

P.  E 

i_ 
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ThadiehBi 


.inezc 
Hmki 


SlAitaam  wAM  ^'n  tie  PeilmWer  RfaHiem  w&M  8^p^lt^ic  And 

and  Sugar — ooctinued. 

Obot«t«riw C^n^O 

T^ecithine C„n^NPO, 

MjaUdm,  one  of  wltiah  is  ....  0^,11, ^>'^. 

Kephmluw Ca»T,NI'0„ 

rBeozein 0,ft, 

PheDot 0,h1o 

TurpeDtuie,doTe,&iKloUMtuUB        .        .  C,«H„;C„tlM 

Camphor C,«HmO 

SiUe;IIeBdd <^^0, 

P)Ttiga!lic  acid C^H.O 


'4 


Tannic  acid 

Morphioe 

Rai*,  cotton  •Md,ealu,ukd  othsr  m!D««l 

uile  containing Oj^i 

Vnrions  fats. 


c„u„o„ 


O„H„NO».H,0 


H^O, 


Thudicbum 

PoMolt 
Kingzolt  uid 
Hake 


Kiogutt 


SAAameet  which  fftve  the  PMmko/tr  ArAOfiM  with  SuJplmrie 
Acidaianf. 

Cod-linr  nil  (this  contunii  oIaIc  add,  & 
p]t06pkoru«d  fat,  and  scetin), 

Cowbrioa 0„H^,0, 

St«a.rocoDot« C^t^NgO^ 


Pbreiioaia« O^H^O, 

K«rMiDi} O^I^NO, 

llederic  add  {from  ivy) 

Piperuie 0,^^0, 

S«li«i> C„H,A 

rUuriilizui 0„ll„ri,(, 

Coniferin 0„H^(V*I 

Scftmmony  reain. 


Now  if  we  take  those  substances  embraced  in 
second  table,  it  is  seen  that  they  give  the  Pettenkof 
reaction  witii  sulphuric  acid  alone,  because  they  all  con- 
tain a  sugar  nucleus  or  yield  glucose  by  proper  treatment, 
thus  rendering  the  a(.l(liUi>n  of  sugar  unnecessary.  Thudi- 
chum  has  shown  (as  already  ex])lained  when  tniating  of 
the  chemical  constitution  of  the  bruin)  tliat  ccrebriDe,  iu 


nne^i^ 
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is-.imer  stearoconote,  and  the  allied  bodies  phrenosjne 
and  kerasioe,  give  glucose  when  tliey  are  boiled  witii 
dilute  sulphuric  acid  or  with  baryta  water,  both  of  which 
reagents  act  through  the  fixation  of  water :  indeed  the 
decomprtsltinn  may  be  effected  by  water  in  sealed  tubai. 
I  have  shown  '  that  hedcric  acid  and  resin  of  scaramony 
give  glucose  by  a  Himilar  treatment.  Saliciu  is  known  also 
to  do  the  same,  splitting  up  into  saUgenin  or  salicylic  alco- 
hol and  glu(«8e  by  acids,  thuB : 

O,n.COH)CH,(0O,H„O0  +  II«0  =  0,n„0,  +  0,H^(aH)0HjOH 

hvhile  thii   decomposition   of  phloridiziu  takes   place  as 
^seated  by  the  equation — 

Again,  Tieraann  and  Haarman  hiivc  shown  that  coni-. 
iferia  crystals  decompose  into  glucose  and  a  crystalline 
substance  CcHi,0,  which  yields  on  oxidation  a  methyl 
[ether  of  protocatechuic  aldehyde — 


G,HA,««CaH, 


(OCH, 

ou 

COH. 


Thus  the  whole  list  is  accounted  for  excepting  piperino 

Eand  cod-liver  oil,  and   these   will   probably  present  no 

[difficulty  when  we  know  more  about  their  constitution. 

■  As  it  is»  the  case  of  cod-liver  oil  admits,  to  some  extent,  of 

iin  explanation.     It  is  known  to  contain  acetin,  a  phos- 

pbonscd  principle  like  myelin,  and  oleic  acid.     Now  the 

Utter  two    would  give  with   strong   sulphuric    acid,  if 

sugar  were  alao  present,  the  Pettenkofer  reactioti,  and  it  ia 

a  significant  fact  that  acetin  is  a  compound  derived  from 

■acetic  add  and  glycerine  ;  significant  because  it  is  known 

■  FlUrm.  Jmcmi.  SepWmber  16  and  93, 1877. 
XrS 
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that  in  certain  instauces  acetic  acid  may  take  the  plaoefl&u 
augar.  ^M 

From  what  is  known,  therefore,  Kiogzett  and  Hake 
conjectured  tliat  the  coloured   substance  whicli  is  p: 
duced  in  the  rettenkoier  test  is  a  body  derived  fro 
benzene  derivative  {of  a  certain  type)  and  gliicxwe,  by 
abstraction  of  llic  elements  of  water  on  the  one  hand, 
tlieir  unison  on  the  other  hnnd  tliruugh  lliu  same  syutlicti 
induence  of  tlie  strong  sulphuric  acid  :  indeed  the  aut 
are  inclined  to  believe  tliat  sulphured  fonns  an  ia 
part  of  the  compound  molecule.     The  fact  that  pi 
gives  the  reaction  with  sulphuric  lu-id  alone,  while 
isomeric  morpbiue  only  gives  it  in  the  furtlier  pre^eace 
sugar,  is   one  which  in  its  Luvesligatiou  will  proba 
explain  the  isomerism  of  tltese  substances ;  it  is  not  im 
bable  that  pipeline  will  prove  to  be  a  glucoside.    The  re- 
searches of  Fittig   and   Miclck  on  pipcric  acid  are 
opposed  to  this  notion.     Tu  make  a  generalisation  th 
it  may  be  said  that,  so  far  as  observed,  all  those  subslAm 
wliich  give  the  Pettenkofer  reaction  with  sulphuric 
alone,  without,  that  is  to  say,  the  luldition  of  sugar, 
sugar  by  a  simple  process  of  liydration,  and  tliurefi 
pontain  a  radicle  rcUited  to  sugar  in  their  oyto  coastituLionT 
In   &uch  cases  the  strong  sulphuric  acid  splits   up  the 
compound,  and  ihe  coustituiionul  groui>s  ui-e  re-iu-nuig< 
by  it  in  such  a  way  as  lo  produce  the  coloured  compouo< 

In  those  other  cases  where  it  is  necessary  to 
sugar  before  sulphuric  acid  produces  the  reaction,  di 
must  be  present  some  group  wliich  under  the  influeuce 
tlie  acid  is  brought  into  combination  with    the  sug 
the  product  bein*;  also  a  colomx-d  comjiouad.     Wuh 
uliject  of  ascertaining  the  piirticujar  nature  of  the 
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'in  question,  Kingzett  and  Hake  have  made  many  experi- 
ments which  are  yet  in  progress  by  one  of  them.  The 
following  is  among  the  most  interesting  of  their  results. 

Spenal  hivejfHffatitm  of  certam  New  Reartion^   and 
The&retiral  Considerations  witK  regard  to  their  Meaning. 
[ — WKen  camphor  (C10H19O)  is  placed  in  strong  sulphuric 
ad  It  readily  dissolves,  fonning  a  yellowish  red  solution: 
rhen  sflturatetl  the  solution  is  of  a  Jwp  red  colour,  and 
[it  is  only  upon  long  standing  that  a  slight  odour  of  sul- 
Iphuroiis  anhydride  is  appiireut,  otherwise  the  solulion  has 
tit  w«ikcned  camphor  odour.     This  pnxluct  gives  with 
cane  sugar  a  most  beautiful  reaction  ;  the  colour  Ls,  how- 
ever»  as  in  all  rases,  quickly  destroyed  by  water.     From, 
the  solution  of  camphor  in  sulpluiric  acid,  water  precipi- 
tates a  substance  free  from  sulphur,  and  hjivjng,  so  far  as 
observed,   all   the  properties  of  the  original  camphor. 
reverthcless,  from  what  is  to  be  des<nibed  hereafter,  it 
appears  that  in  the  sulphuric  acid  solution  it  exists  as  ii 
kmilpho-acid.     When  such  a  solution  is  treated  with  sugar, 
and  water  addetl  to  the  product,  there  results  a  precipi- 
^_tate  which  is  slightly  yellow,  and  alW  washing  exhibits  a 
idency  to  cake.     It  is  free  from  sulphur,  but  is  com- 
;tent  to  furnish,  with  strong  sulphuric  acid  alone,  the 
jriginal  violet  colour  in  an  intense  degree.    This  result 
led  at  first  sight  to  indicate  that  the  body  produced 
described,  wiis  11  saccharide  or  a  glucoside,  and  to  gain 

I  information  on  this  point  many  esperimcnts  were  con- 
ducted, as  follows  : — A  saturated  solution  of  camphor  in 
Bulphiuic  acid  was  exposed  to  a  freezing  mixture,  and 
^eatcd  witli  its  own  volume  of  concentratetl  cane  sugjir 
solution,  stirring  meanwhile.  By  adding  the  sugar  drop 
jy  drop,  the   temperature  was  kept  throughout  bel 
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IS^'C,  and  carbonisation  of  the  sugar  was  thus 
vented.     There   formed  a  solid  pasty  pink  nia&s,  wlue 
was  tlien  trtailed  with  much  water ;  frothing  ensued,  and 
gradual  destriiclion  of  the  colour.     The  mixture  was  then    , 
filtered  and  the  precipitate  well  washed.  On  boiling  it  wi^H 
a  very  dilute  solution  of  sidphimc  acid  during  three  hours 
the  purple  colour  to  which  allusion   has   been    made, 
formed  upon  the  warm  sides  of  the  dish,  but  ultimatel 
no  sugar  eould  be  detected  in  the  solution  by  means 
the  copper  test.     From  this  it  follows  that  the  subst 
cannot  be  a  saochai-ide,  iti  the  ordinary  sense   of 
term.     Nevertheless  it  is  probable  that  strong  sulphi 
acid  has  the  powei-,  possibly  by  the  abstraoliou  of  wai 
of  entering  into  combination  ctmjoiritly  with  the  camphor^ 
and  sx]gar  residues.     Such  a  constitution  seems  at  the 
iir^t  blush  to  express  the  nature  of  the  coloured  body. 
When  treated  with  water,  sulphuric  acid  is  re-fonned,  i 
ihere  results  a  combination  which  only  re<|uires  stroi 
sulphuric  acid  agaiu  to  restore  primary  conditions. 

The  relations  existing  Itetween  cholic  acid,  choloi( 
acid,  dyalysin,  tamxjcholic,  glycocboUc,  hyochoUc,  hyo- 
cholalic,   and   lithofcllic   acids    are  fairly  well    knowdjl 
They  all  appear  to  contain  a  similar  residue,  and  where 
the  difference  is  not  one  of  tlie  elements  of  water, 
conjugation,  it   is  one  of  homologity.     From  what 
know  too  of  cholic  acid,  it  appears  to  be  comiecu^ 
some  way  with  oleic  acid,  whilo  Iccithine  yields  ol( 
acid  on  hydration.     The  myelines  and  kephaline  give  by 
hydration,   among  other  decompoeition   products,  adds 
which  a])pear  to  possess  an  intimate  relation  to  the  biliary 
adds.     That  cholescerine  contains  a  gi'oup  identical  with 
one  present  in  (holic  acid,  is  known  because  they  boi 
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I  yield  chokateric  add  by  oxidalioQ  with  nitric  acid.  The 
direct  relations  between  the  foregoing  bodies  and  those 

,  benzene  derivatives  which  Kingzett  and  Hake  have  found 

I  to  yield  the  Pettenkofer  test  with  sulphuric  acid  and 
sugar  are    alU^ether   unknown,  but  will   probably  be 

'revealed  by  further  studies  of  the  fatty  adds  of  the  series 

Petleiikofer  liimself  showed  that  strong  hydrochloric 

(acid  could  be  used  m  his  teat  in  place  of  the  sulphuric 

acid»  but  stated  that  the  intensity  of  the  colour  was  not 

ISO  striking.     Since  then  it  has  been  shown  tliat  acetic 

'add  may  sometimes  take  tlie  place  of  the  sugar.'  Petteu- 

'kofer  also  observed  that  any  body  which  by  contact  with 

strong  acid  is  reitolved  iuto  glucose,  could  replace  the 

Iflugar.     Mannite,  which  is  not  so  transformed,  cannot  lake 

lita  place.     Kingzett  and  Hake  have  shown  that  inulin 

[(CflHigO,)  and  potato  stiircb  may  each  be  used  in  the  place  of 

[cane  sugar,  if  at  the  same  time  a  trace  of  water  be  present. 

[More  water  destroys  the  colour  midtr  all  conditions.     At 

present,  therefore,  the  only  safe  conclusion  which  may  be 

iuferred  from  all  these  considerations,  is  that  the  coloured 

[body  produced  by  the  action  of  strong  sulphuric  acid 

ii[U]n  various  bodies  and  sugar,  depeuda  for  its  colour 

more  ujron  the  constitution  than  the  composition  of  the 

product. 

This  subject  has  been  dealt  with  in  detail  because  it 

brings  the  chemistry  of  the   bile  and  the  brain  into 

tntiiuatc  connection,  and  it  is  by  a  further  study  of  thetie 

and  blood  chemistry  that  this  connection  will  be  established 

iftud  conHrmcd. 
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05    FERMENT ATIOIS,    rUTRErACnOK,    AND   THE    GERM  THEOBT^ 
OP  DISEASE  :    ALSO  ASTISBFTICS  AXD  DISINTBCTANTS. 

Tub  ground  which  is  covereJ  by  the  subject  matter 
of  iliis  chapter  ia  so  large  that  it  is  utterly  impossible  to 
consider  any  one  phase  at  all  in  detail.  It  wtII,  there- 
fore, be  best  to  summarise  all  phases  of  the  subject,  and 
to  indicate  the  position  assumed  to-ilay  by  the  difloeiil 
schools  of  thought. 

In  doing  this,  I  shall  eudeavour  to  r^ard  the  subject 
eulin.'Iy  from  a  chemical  point  of  view,  with  the  object  of 
indicating  how  deeply  concerned  chemistry  is  with  all 
jirocesses  of  infection  and  disease. 

When  a  solution  tif  sugar  Ls  exjxiaed  to  the  action  of' 
healthy  yeast  it  suffers  a  change  ;  the  atoms  comprised  in 
its  molecule  arc  broken  up  and  rearranged  into  new 
forms,  which  are  recognised  as  alcohol  and  carbonic 
dioxide.  Glycerine  and  succinic  acid  are  also  formed  at 
the  expense  of  the  sugar,  but  the  lacdc  acid  which 
generally  acoompauies  alcoholic  fermentation  is  ooa- 
flidered  as  proved  to  be  due  to  the  presence  of  a  ferment 
distinct  from,  but  acconii>anying,  the  yeaat.  The  expla- 
nation which  this  phenomenon  has  received  at  the  hands 
of  Paateiu- — an  explanation  now  all  but  universally  aoa 
cepted — is  as  follows.  The  fenneutation  alluded  to,  is" 
regarded  as  a  particular  instance  of  a  biolo^cal  reactioB^ 
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manifesting  itself  as  the  result  of  a  special  force  reaidmg 
ia  organisms ;  or,  in  other  words,  fermeutalion  is  essec- 
tittlly  *  a  correlative  phenomenon  of  a  vital  act,  beginning 
anJ  ending  with  it.' 

On  this  hypothesis,  whenever  there  U  fermentation 
there  is  orgauisation,  development,  and  umiti plication  of 
the  globules  of  the  fcrracul.  itself.     Thu  instance  quoted 

ive  is  by  no  means  solitary;  it  is  exemplary  of  many 
other  changes^  induced  by  the  same  or  otlier  ferment 
matters  in  media  suitable  for  their  growth  and  reproduc- 
tion. Thus,  we  have  the  manuitic,  lactic,  ammoniacal, 
and  butyric  fermentations,  besides  many  others,  all  of 
them  having  one  feature  in  common,  viz.,  tliu  ruprotluc- 
,tion  of  the  ferment. 

Some  of  these  processes  have  been  studied  with  all 
the  power  of  scicntinc  inmgination  and  reasoning,  sup- 
plemented by  the  most  refmed  methods  of  research 
available,  Pasteur  has  doscribud  the  life  processes  of 
yeast  cells,  and  their  multiplicatiou  by  budding  or  by 
throwing  off  spores.      Even  their  composition  has  been 

I  elucidated  to  some  extent,  although  not  to  the  prind[Hil 
extent.  The  ash  of  yeast  cells  consists  esseDlially  of 
phoBplioric  acid  and  potassiiuu,  together  with  a  little 
magnesium  and  a  tnicu  of  eralcium,  and  this  knowledge 
enables  the  operator  to  coustrHct  a  medium  in  which 
yeast  wilt  flourish  and  reproduce  itself.  But  of  the 
diameter  of  the  organic  nitrogenous  constituents  of 
yeaat  next  to  notliing  ia  known.  It  is  cerlainly  known 
that  almost  any  albuminous  substance  dissolved  in  the 
medium  will  suffice  as  food  to  the  yeast  plant,  but  of  the 
albuminous  parts  of  the  plant  itself  we  have  no  precise 
tion.    The  various  conditions  upon  which  tb*" '"'' 
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health,  and  eveu  disease  of  yeast  and  other  cells  depend, 
have  been  beautifully  elucidated  by  Pasteur,  ami  it  i»' 
thought  that  the  yeaat  plant  resjarea  like  the  higher  forms 
of  auimal  life,  and  that  when  Ircc  oxygen  U  not  available 
it  is  capable  of  obtaining  tt  from  sugar  if  present.     Ag  J 
experiment  devisL-d  by  Schilfzcnbei^er  (and  one  to  which 
previous   reference   has  been  made)  for   demonsiraliDg 
the  respiratory  function  of  yeast  deserve-s  mention  here. 
He  caused  erierial  blood  to  circulate  slowly  through  a 
system  of  hollow  tubes,  coustructcd  of  thin  gold-beater'i 
skin,  ajid  immer^  in  a  mixtui-e  of  yeast  dilTuiied  in  firesh 
serum  kept  at  35"  C.     As  the  blood  passed  out  at  the-| 
other  extremity,  it  waa  seen  to  be  black  and  venouft,j 
owing  to  the  abstraction  of  oxygen  from  it  by  the  yeast.' 
One  of  the  main   questions   to   be   solved   in   such 
inquiiies  lu*  those  of  Pastetir,  is  whether  different  acts 
femientatiou  are  due  to  different  aud  individual  ferment 
and   to  illustrate  some  of  the  results  which  have  been' 
obtained  m  tliis  direction,  reference  maybe  made  to  soiDew 
recent  experiments   of  Professor  Lister  upon  the  lactioV 
fermeutatiou,   or   tliat  change  In  milk  which  is  uccom- 
panicd  by  its  coagulation  and  the  production  of  laclicfl 
acid   from    the  sugar  originally   contained  in  it.      Of 
course  by  the  observance  of  proper  precautions,  milk  may 
be  kept  in  an  unchanged  couditiou,  quite  free  from  acidity 
and  curdling ;  but  of  this  more  anon.     When,  however, 
it  is  not   subjected  to  these  precauuons,  microscopit 
observation  always  reveals  the  presence  of   minute  or- 
ganisms—bacteria^iu  the  coagulated  milk.     According 
to  the  recent  experiments  of  Lister,  these  bacteria  are 
not   uniforui   in  character,  but   comprise   two  or  more 
varieties,  to  one  of  which   is  due   the  special   chaJige. 
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adverted  to.  This  was  shown  as  follows.  It  was  endea- 
voured to  c."^limatc  the  number  of  bacteria  in  a  given 
quanUty  of  sour  milk,  by  counting  the  number  visible  In 
a  small  mea^jiirtid  drop  plucc<l  xipon  a  microscopic  glass 
[slide ;  then  t)ie  milk  wiis  diluted  so  that  a  single  drop 
would  probably  contain  on  the  average  one  bacterium. 
With  such  measured  quantities,  further  amounts  of  fresh 
boiled  milk  were  inocidated,  and  out  of  five  glasses  so 
ireaied  only  one  curdled,  and  on  examination  proved  to 
contain  Bactetium  lactis.  Having  thus  succeeded  in  cul- 
tivating the  particular  tmcLeriuni  in  question,  it  was  easy 
to  inoculate  any  further  quantities  of  milk.  The  chief 
points  established  by  these  results  are,  first,  that  the  fer- 
ment causing  the  curdling  was  not  in  solution  in  a  dii^olved 
state,  or  else  all  the  samples  of  milk  inoculated  would 
have  curdled,  but  present  in  particles ;  and  second,  that 

I  to  the  one  particular  bacterium — Bacterium  lactis — as 
lister  terms  it,  is  due  the  lactic  fermentation. 
Ucbig,  who  thought  deeply  and  wrote  well  upon  the 
questions  under  study,  held  somewhat  different  \iews  re- 
garding ft^mientatiun,  and  even  the  last  paper  written 
^by  this  illustrious  chemist  consisted  of  a  refutation,  of  the 
later  inferences  of  Pasteur.  Of  course,  as  regards  the 
ultimate  resxdts  of  fermentation,  all  are  agreed  ;  but  meu 
differ  in  their  views  of  the  acting  causes.  Thus,  Liebig 
neglected,  to  a  certain  extent,  the  element  of  life,  and  re- 
garded fermentation  as  due  to  a  disturbance  of  the  equi- 
librium imparted  to  the  elementa  of  bodies  by  virtue  of 
■an  existing  change  or  motion  in  other  bodies  in  contact 
with  them.  But,  aiter  all,  when  broadly  considered,  the 
difference  present*^  by  the  views  held  by  Liebig  and 
■those  of  Pasteur  as  generally  understood,  is  not  so  great 
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ns  appeai-a  at  first  bhish.     In  support  of  our  Tncanin>;»  Iti 
us  take  the  fonu  of  fermentation  which  is  suppose*!  l>v 
licrnnrd  to  cause  the  transfoiiiiation  of  ihe  glycogen  of 
the  liver  into  glucose.     The  change  here  effected  is  one 
of  hydration,  and,  upon  the  gcmi  theoiy,  this  change  i* 
supposed  to  be  due  to  the  influence  of  a  special  ferraent 
present  in  the  liver  or  tlie  blood,  which,  while  It  thiaj 
acts,   reproduces  itself  from  a  part  of  the   matter  in-' 
fluenced  in  the  reaction.     Well,  Liebig  would  rather  have 
viewed  the  change  as  apart  from  vitality ;  it  was  enough 
for  him  to  perceive  the  conditions  existing  necessary  to  | 
the  transformation  of  starch  into  sugar,  by  the  assimila-' 
tion  of  ihe  element  of  water  ;  he  did  not  see  the  rcasoai 
for  believing  the  change  to  be  necessarily  due  to  a  form  of 
life ;  all  that  was  required  was  the  presence — the  contact 
— of  a  body  itself  in  course  of  a  certain  kind  of  change. 

Previously,  Berzelius  bid  entertained  some  such  notion  ■ 
of  catalysis  or  contact  action,  but  he  supposed  that  the 
agent  which  induces  the  change  remains  itself  unchanged. 
Such  an  idea  as  this  latter  one  is  uuLunable  in  the 
present  state  of  knowleilge  reganling  matter  and  force. 
It  may  lie  asserted  as  an  axiom  that  no  substance  can 
bring  about  any  result  among  other  substances  without 
\IsgK  suffering  change  in  some  respect,  be  it  physical  orri 
chemical.  Tims,  for  iust^nce,  the  yeast  which  causes] 
alcohoUc  fermentation,  while  it  is  reprotluceJ  it  is  yet 
destroyed,  and  altliough  the  ycaat  a.ssumes  no  constitu- 
tional  part  in  the  products  of  the  changeil  sugar,  some  oi 
it  breaks  down  and  dies,  and  undergoes  a  specific  set  of 
reactions,  none  the  less  real  because  unes]»lained. 

Liebig,    then,  maintained   tliat  a   body  in   state   o( 
change   may  communicute  to  some  other  bodies  with! 
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[which  it  may  como  in  contact,  a  state  of  change  also, 
without  being  apparently  altered.  In  feet,  Liebig's  views, 
which  often  receive  a  good  deal  of  misrcpreijeiitatioii, 
may  be  expressed  thus  :  Mechanical  or  any  other  motiou 
exerts  an  influence  on  the  power  wWch  determines  the 
state  of  a  body.  Thus,  a  crystal  of  sulphate  of  sodium, 
u  speck,  of  dust,  or  f^rain  of  aaud,  when  dropped  into  a 
.saturated  solution,  say  of  sulj)hatc  of  sodium,  may  detcr- 
tnine  the  entire  crystal liaatiou  of  the  iluid.  Or  again, 
when  the  fidminatea  of  silver  and  mercury  are  tickled 
lightly  by  a  feather  or  glass  rod,  they  suddenly  explode 
with  violence.  A  still  better  instance,  and  one  to  which 
Liebig  seemed  particularly  attached,  is  the  reaction  which 
occurs  between  pt;roxide  of  hydrogen  and  argentic  oxide ; 
these  substances,  when  mixed,  give  rise  to  the  pvoduclion 
of  metallic  silver  and  fi'ee  oxygen,  tlius — 

The  peroxide  of  hydrogen,  being  unstable,  is  constantly 
underg<)inj»  decomposition  fruin  the  moment  of  its  forma- 
tion, and  this  decomj>osition  resulta  iu  the  production  of 
water  and  free  oxygen  ;  immediately,  therefore,  that  this 
substance  comes  into  contact  with  oxide  of  silver,  it  ^ves 
;  to  that  body  tlie  same  tendency  to  change. 

Brtidie  explains  the  result  differently.  Ue  says  the 
second  oxj^en  atom  in  the  peix)xide  of  hydrogen  is  in  a 
different  polar  condition  to  tliat  of  the  oxygen  in  the  silver 

I  compound,  and,  therefore,  one  being  ncgiitive  and  tlie 
other  positive,  they,  having  an  attraction,  coml)ine.     But 
this  is  no  advance  on  the  fact ;  it  is  merely  a  word  expla- 
^JUitioR — another  way  of  expressing  tlie  same  fact,  and  it 
not  exempt  from  criticism,  because  it  does  not  take  into 
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coMideralion  the  liability  of  peroxide  of  hydrogen  h*.4f 
to  decompose. 

Without  mnltiplying  examples  illustrative  of  Lielng*! 
views,  we  mny  say  there  w  uotlviug  incoriBbteut  in  their 
principal  features  and  those  of  tiie  doctrines  now  more 
widely  held  to-day.  In  fiict,  Pasteur  and  others  have  but 
advanced  on  Liebig's  liypothesis.  Pasteur's  doctrines 
confine  themselves  to  fermentative  phenoinuna  in  which  low 
forms  of  life  are  undoubtedly  the  active  agencies,  and 
these  observations  have  led  inevitably  to  speculatious  on 
germs,  their  nature,  propagation,  and  functions,  and  their 
connecliou  with  certain  processes  of  disease.  Let  us  now 
endeavoiu-  to  tmcc  out  some  of  these  subjects 
minutely. 

It  is  well  known  tliat,  ou  exposure  to  the  air* 
coagulates,  and  eventually  undei^oes  a  form  of  fermen- 
tation termed  putrefiaction  ;  that  is  to  say,  it  decompoecs 
in  a  certain  manner.     Lister  has  shown,  however,  that 
blood,  removed  frora  the  body,  has  no  inherent  tendency 
to  undergo  such  a  change,  a  fiict  subsT-antiated  by  hid 
observation   tiiat,  if   c&re  be  tak^  to  keej>  the  bloodH 
tfitally  excluded  from  the  air,  no  such   decomposition 
occurs.     Blood  collected  in  this  way  will  keep  in  the 
fluid  state  and  perfectly  sweet  for  an  indefinite  |>eriod. 
Nor  is  it  the  air  itself   which  is  com[»eteut  to  induc^_ 
putre^tive  change,  but  it  is  that  something  which  m&jH 
be,  and  generally  is,  present  in  the  air,  and  which  has  to 
be  removed,  destroyed,  or  influenced  so  that  the  blood 
may  be  preserved  unchanged.    Contact  of  the  blood  thudH 
kept  fresh,  with  the  mast  minute  trace  of  putrefied  blood,     > 
auifices  to  render  the  whole  bad  and  decomposed. 

Some  years  ago,  Professor  Ti.'ndall  demonstrated  that 
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a  ray  of  light  passing  through  a  dark  chiimber  is  visible 
only  by  means  of  the  vibrating  motes  which  float  in  the 
air  bearing  the  Hght,  and  that,  if  sufficient  time  be  allowed, 
these  moles  will  subside  perfectly,  so  that  a  ray  of  light 
H  is  no  lonjier  visible  in  the  atmosphere  wliinh  previously 
swarmed  Mriih  these  particles.     It  is  to  such  motes  seen  in 

I  the  sunbeam  that  Pasteur  and  Tyndall  attribute  the  power 
to  start,  fermentation,  putrefaction,  and  other  processes  in 
inftwions  of  vegetable  or  animal  origin.  Some  such  idea 
as  this  has  been  more  or  less  current  in  men's  minds  for 
agea;  but,  advancing  to  so  recent  a  date  as  1857,  we 
find  the  following  passage  in  a  work  *  which  then  attracted 

I  considerable  attention : — 
*  It  is  not  improbable  that  the  glittering  motes  seen 
in  the  sunbeam,  when  it  shines  through  a  small  aperture 
into  a  dark  room,  consist  in  part  of  these  otherwise  im- 

I  perceptible  eggs  or  seeds.  Light,  we  know,  is  the  great 
and  universal  revclator.' 
Professor  Tyndall,  then,  advanced  on  this  hypothesis 
by  showing  chat  the  sunbeam  owes  its  visibility  to  theee 
motes,  and,  in  common  with  Pasteur,  Roberts,  and  many 
other  earnest  workers,  he  has  follower!  up  the  study  in 
some  detail.  The  precise  methods  of  iuveattgadon  pur- 
sued by  them  must  be  learned  from  their  own  papers ; 
■  here  I  can  only  summarise  the  results  to  which  their 
application  has  led. 

I  The  ferment  matters  which  exist  in  the  air  may  be 
avoided,  as  we  have  already  seen,  by  a  pi-ocess  of  settling ; 
or  tlie  air  may  be  filtered  through  cotton-wool;  or  any 
germs  therein  may  be  deslroycti  by  strong  heating.    Air 
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purified  in  any  of  these  ways  is  incompetent 
those   peculiar  processes    of   putrefaction,   change,  and 
decay  which  inevitably  happen  in  animal  and  vegetabl^j 
matters  exposed  to  air  not  so  piiri6cd ;  and,  if  this  theoijH 
be  true,  those  niattere  can  never  fermeul  or  pulrufy,  or 
allow  of  the  presence  of  life,  until  contamination  with 
previously  existing  germs  or  life  matter  has  been  effected. 
This  is,  in  fact,  the  theory  of  Biogenesis,  a  doctrine  whicl^J 
was    ably  expounded   by   Husley,   in    hia  Address  tc^^ 
the  British  Association  of  1871,  and  one  which  U  now 
almost  universally  accepted.     Its  acceptance,  however,  iq 
not  quite  universal ;  and,  on  the  other  ade,  Bastiiin,  wl 
has  devoted  himself  to  this  question,  goes  so  far  as 
assert  tliat  he  has  determined  the  precise  cx>ndition«unde 
which  urine,  for  instance,  can  developelife  de  novo. 
is  the  doctrine  of  Abiogenesis.     A   particular  ii 
cited  by  Bastian  is  refuted  by  Pasteur  ;  but  he  is  charged 
by  the   former   investigator  with   having  repeated 
ohscn*ntion  in  a  manner  which  would  not  present 
identical  conditions  under  which  he  (Bastian)  has  found^ 
hfp  to  be  generated  th  twvo.     More  recent  work  by  Mr,^ 
Dalleuger  and  Dr.  Ihyadale  has  revealed  the  feet 
while  certain  kinds  of  monads  in  a  fully  developed 
are  entirely  destroyed  by  exposure  to  a  certain  tempera- 
ture (140*  F.).  that  same  temperature,  or  even  a  tempera- 
ture of  sot)"  F.,  maiiitjuned  for  t<*n  minutes,  is  insufirciend 
to  destroy  'he  undeveloped  spores  which  may  be  present 
Professor  Colm,  of  Breslau.  has  found  corresponding  fisct 
to  be  true  of  tlie  Bacillus  fftiltiilis  and  its  spores.     Tlwai 
observations  have  been  applied  in  explanntion  of  the  state- 
menta  madeby  Bastian.  In  justice  to  this  last-named  ol 
ver,  however,  we  may  leave  the  doctrines  of  Biogenesis ; 
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lAbiogenesia  as  uadecided  hitherto,  while  admitting  that 
Lhc  mass  of  evidence  is  decidedly  ia  favour  of  the  truth 
[of  the  former.  Roberts  writes  : — *  It  seems  then  to  be 
liairly  established  that  organic  matter  has  no  inherent 
Ipower  of  geneniting  baoleria  and  no  inherent  power  of 
[passing  into  decomposition  ; '  further,  *  that  bacteria  are 
(the  actual  agents  of  decomposition  ;  *  and  lastly,  that 
the  organisms  which  appear,  as  if  spoutaiieousjy,  m  de- 
[composiug  lluids,  owe  their  origin  exchisively  to  parent 
jerms  derived  from  the  surrounding  media.' 

On  the  basis  of  the  work   thus  briefly  sketched,  a 
fgerm  theory  of  disease  has  sprung  up,  and  it  is  to  this 
matter  that  we  must  now  direct  our  attention. 

In  an  address  on  contagium-vivum  with  which  Dr. 
IHoberts,   of  Manchester,  charmed    and    inatructed    his 
I  audience  at  the  1877  Meeting  of  the   British  Mediwil 
Association,  he  compared  the  action  of  yeast  upon  saccha- 
rine urine  and  t)ie  fermentative  agency  of  BadUus  sub- 
iilis  upon  hay  infusion,  to  small-pox,  and  showed  that  the 
fever  in  ft  bottle  resembles  this  disease  in  the  following 
points: — (a)  a  period  of  incubation  intervening  between 
inoculation  and  the  commencement  of  disturbance ;  {h)  a 
,  succeeding  period  of  distiirlxince  accompanied  by  eleva- 
tion of  temperature  ;  (c)  a  subsidence  of  the  disturbance 
and  ft  return  to  the  normal  state.     Moreover,  fermenta- 
tion, like  small-pox,  may  take  place  through  direct  iuocu- 
llation  or  by  fortuitous  infection  through  the  atmosphere. 
Dr.  Koberta,  however,  carefully  guards  himself  against 
Kuggesting  that  the  enhanced  temperature  in  the  ferment- 
ing urine  is  a  real  analogue  of  the  preternatural  fever  heat. 
The  yeast  plant  and  BaciUits  auhtilvi  are  the  repre- 
sentatives of  a  large  class  of  organisms  which  may  be 
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grouped  under  the  generic  term  of  saprophytes^  and  tb 
are  the  kind  of  urgauujms  which  are  found  to  be  assodal 
with  mreclive  inflammations  and  cout^igious  fevers. 

Dr.  Hoberts  points  out  that  the  doctrine  of  a  cooi 
gimn-vivum  necesaitaLt^s  one  of  two  things ;  either  it  is  an 
itidependeut  oi'ganiun  {a  parasite)  which  midtiplies  wilhio 
the  botly  or  upon  its  surfiu-e,  or  ii  is  u  morl^d  cell, 
mass  of  protoplasm  detached  from  the  diseased  body 
engrafted  on  tliu  heultliy  body.  Tliis  Ia^t-cited  assu: 
tioD  is  but  a  modification  of  an  old  doctriue ;  it  is  indtf- 
tinguishable  from  the  views  of  Liebig.  That  chemisL, 
jiroceediug  upon  the  accepted  fact  that  epidemic  diaeues 
can  often  be  trated  to  putrefactive  pixtcctflcs  occurrii^ in 
animaL  or  vegetable  matter,  stated  that  the  liability 
persons  to  the  contagion  rested  upon  the  proseuce  in 
hving  body  of  substantes  which  ofier  no  resititam-e  to 
cause  of  change  in  form  and  L*ompo3ition  acting  on  it. 
He  wrote,^  *  If  this  substance  be  a  necesbary  coustitu 
of  the  body,  then  the  disease  must  be  ^communicable 
all  persons ;  if  it  be  an  iiccidcnUd  constituent,  then  on 
thoee  persons  will  be  attacked  by  the  disease  in  whom  it 
is  present  in  tlie  proper  quantity,  aud  of  the  proper  com- 
position.* 

Liebig  contested  stubbornly,  and  with  eminent 
ing,  for  the  truth  of  the  chemical  theory  over  that  of 
[tarasitic  theory  of  disease,  and  contended  tliat  if  any 
contagious  disease  were  to  be  explained,  all  must 
equally  explicable.  Thus,  after  writing  about  scabies,  he 
goes  on  to  say,^  'If  now  we  inquire  what  results  the 
search  after  the  same  or  similar  causes  in  other  contagious 
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asea  has  yielded,  we  obtain  for  answer  that,  in  die 
contagion  of  small-pox,  of  plague,  of  sjrphilis,  of  scarlet 
fuvpr,  of  measles,  of  typhus,  of  yellow  fever,  of  dysentery, 
of  gangrene,  of  hydrophobia,  the  most  conscientious 
observation  has  not  been  able  to  detect  animals,  or  even 
organised  beings  at  all,  to  which  the  powers  of  propaga- 
gation  (Ujuld  be  ascribed.' 

Even  nowadays  the  advocates  of  the  germ  or  |)ara- 
Bitic  theory  admit  tJiat,  as  far  as  typhus,  scarlet  fevei, 
measles,  and  the  rest  of  the  contagious  fevers  are  con- 
cernc*.!,  '  their  connection  with  pathogenic  organisms  is  aa 
yet  a  matter  of  pure  inference '  (Roberts).*  On  the  other 
hand,  vaccinia,  small-pox,  sheep-pox,  diphtheria,  erysifielas, 
and  glanders  are  sUitetl  to  have  been  proved  to  possess  n 
virus  consisting  of  minute  micrococci. 

Here  it  will  be  best  to  confine  our  attention  to  the 
three  diseases  of  which  Dr.  Roberts  treated  in  liis  Addre.'O 
at  Manchester,  viz.,  sepiicmmia,  relapsing  and  splenic 
fevers.  Let  us  take,  Sn>t  of  all,  septicaamia.  When 
wounds  become  unhealtliy,  lh«  dis<'harges  become  offen- 
sive and  breed  organisms,  and  inasmucli  as  investigntioni^ 
(already  referred  to)  have  shown  that  bacteria  are  the 
■  acting  causes  of  decomposition,  and  further,  inasmudi  as 
Dr.  Burdon-Sanderson  and  others  have  sh4)wn  that  de- 

I composed  albuminous  fluids  are  poisonous,  it  is  therefore 
concluded  that  septicaemia  is  not  only  due  to  organisms, 
but  that  such  wounds  oa  those  referred  to,  give  offensive 
discharges  by  virtue  of  the  action  of  the  bacteria  in  them 
upon  the  surrounding  albuminous  parts. 
Kow  it  has  been  proved  again  and  again,  that  a 
^ 
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healthy  subject  cannot  be  infected  by  means  of  orgamjmt 
alone  ;  ibey  cannot  live  on  healthy  surfaces  or  in  ht*aUby 
tisanes,  or  otherwise  every  in.s])iraliun  v/ould  carry  into 
the  blood  the  first  seeds  of  all  kinds  of  disease;  theae 
germs,  then,  are  not  the  poison,  but,  under  given  condi- 
tionSf  by  their  action  upon  albuminous  matters,  they  pro- 
duce the  poison.  With  this  knowledge  we  are  aaked,  o^^ 
the  germ  theory,  to  understand  as  a  consequence  the  pro^^ 
duction  of  septicaemia  and.  pyaemia.  Septicaemia,  then,  is 
tlie  result  of  the  introduction  into  unprotected  {nrU  of 
the  body,  of  wounds,  of  organisms  ;  tliese  act  upon 
discharge,  and  produce  the  septic  poison.  Surely,  this 
no  parasitic  theory ;  it  is  the  chemical  theory  of  Liebig 
the  septic  poison  lieing  that  matter  ■w}iich  Liebig  wou 
say  has  undergone  change  by  contact  with  something  else, 
previously  in  course  of  change. 

This   poison  seems  to   be  particulate,  and  may 
separated,  for  instance,  from  decomposed  meat  infusions 
by  fihration  through  unglazed  porcelain  (Burdon-Sander 
sou,  also  Paimm).'    Such  meat  infusions,  when  introduec 
into  tlie  blood  system  of  animals,  produce  a  simple 
complicated  paroxysni  of  fever,  bt^iuning  with  a 
which  is  succeeded  by  a  rise  in  temperature,  and  concla 
ding  in  defervescence  and  recovery,  if  the  dose  be  not 
great;  if  too  great,  death  results.     Wlien  the  particula 
poison,  or  pyrogen,  as  Dr.  Bimiou -Sanderson  terras  it, 
(irst  separated  by  filtration,  as  described,  the  filtrates  a 
powerless  to  induce  disease. 

These  facts  are  so  remarkable  tliat  they  deserve 
little  more  attention.     They  arc  remarkable  because  the 
poison  does  not  consist  of  living  matter,  nor  is  it  neces- 
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'Miily  accompnnied  by  living   matter,  although   it  has 

originally  been  producwl  tluougli  the  ageucy  of  bacterin. 

,  These  experiments  were  first  made  by  Pauum,  but  more 

t  recently  have  occupied  the  attention  of  Dr.   Btirdoii- 

SanJersou.'     Uv.  prepared  his  septic  solution  by  prticipi- 

,  tating  putrilage  by  alcohol,  re-dissolving  the  precipitate 

iu  Wilier,  eviiporution  to  dryness,  and  re-solulion  of  the 

residue  in  water.     These  processes  necessarily  preclude 

the  absence  of  all  living  mattor  in  the  product,  and  yet, 

'an  contrast  with  this  fact  is  the  farther  fact  that  the 

pulrilage  was  originally  ]vroduced  through  the  agency  of 

bacteria  iu  the  presence  of  air  and  water. 

Further,  Hiller  has  shown  that,  by  waaliJng  septic 
bacterin  with  pure  water,  they  can  be  deprived  of  all  toxic 
properties  without  injuring  their  life  activity. 

Heltijvting  Fever. — From  time  to  time,  spiral  organisms 
(ftpirilla)  have  been  detected  in  the  blood  of  patients 
suffering  from  this  diacnae,  the  observation  having  first 
been  made  by  Dr.  Obermeier,  of  Berlin  ;  they  are  found 
during  the  paroxysms,  but  are  absent  at  the  crises  and  at 
the  subsequent  apyrexial  periods.  It  appears  that  the 
fever  is  easily  communicated  to  a  healthy  person  by  in- 
oculation with  the  blood  of  a  patient  suffering  fixtm  the 
diftease,  but  only  if  the  blood  be  taken  during  the  paroxys- 
mal periods ;  heuce  it  is  concluded  that  the  spuiUa  are 
the  actual  vims  of  relapsing  fever.  Ocular  evidence  of 
Buch  germs  (if  such  tliey  be)  is  almost  entirely  wanting, 
while  all  attempts  to  cultivate  them  out  of  the  body  have 
&iled.  Here  again,  therefore,  we  are  dealing  more  with 
inferences  than  with  facts. 


'  Sm  BrUM  Mrdkal  Journal  fur  December  32,  ld77,  nad  same  wlw^ 
r^iticnt  BiinibeTa. 
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Sj)tenic  Fetter. — In  1855  Polletider  discovered  ml 
staflr-shaj>ed  bacWria  in  the  blood  ia  cases  of  this  disease, 
and  the  observation  is  said  to  hove  been  often  confirmed 
since.  Not  only  is  the  germ  found  in  the  blood,  but  also 
in  the  spleen,  the  lymphatic  glands,  &c..  and  it  is  now 
considered  by  the  adrocates  of  the  genn  theory,  that  this 
[Mirlicular  bacterium  is  the  true  virus  of  splenic  fever, 
is  true  that  the  observations  made  by  Cohn,  Burdoi 
Sanderson,  and  Koch  upon  this  subject  lend  some  weig! 
to  the  bypotliesis,  and  Koch  appears  to  have  determined 
that  the  introdut;tion  of  such  germs  into  the  blood  g£ 
heiUlhy  animals  brings  on  splenie  fever.  The  germ  i^M 
said  to  be  identical  with  the  bacillus  of  Cohn,  but,  wbal-^ 
ever  it  is,  it  has  not  yet  been  proved  whether  tlie  disease  is 
due  tu  the  genu  directly,  or  to  any  altered  organic  matters 
brought  about  by  its  agency,  and  anything  beyond  what 
has  been  stated  above  b  the  merest  HpecuUtion. 

It  is  upon  such  grounds  as  those  brought  forward  ih 
the  doctrine  of  a  contagium-vivura  is  thought  to  be  esi 
blished  on  a  solid  foundation.  Let  us  put  ttiis  fouudati' 
a  little  more  to  the  test. 

Both  Dr.  Sanderson  and  Dr.  Klein  maintain  that, 
cases  of  enteric  fever,  a  luxuriant  growth  of  mic 
may  be  observed  in  the  diseased  intestines.     Klein,  ho 
ever,  goes  furtbur  than  tliis,  and  desf-ritjos  certain  fun| 
forms  present  in  the  follicles  of  such  intestines ;  but  w 
connectiou  these  may  have  with  the  disease  is  not  pre- 
oiaely  determined.     Dr.  Creighton  showed  that  these  so- 
called  fungic  structures,  in  the  case  of  small-pox  of  shce 
supposed  by  Klein  to  consist  of  mycelium  and  gonidi 
were,  in  reality,  coagulated  particles  of  albumin. 
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In  a  more  recent  paper  ^  Dr.  Creighton  reports  on  the 
Hnfectiveneas  of  cancerous  tumours,  id  sper^ial  reference  to 
[infected  lympliatic  glands.      In  surgery,  such  growths 
[are  termed  ■■  malignant,'  and  tltey  arise  in  lymph  glauds 
rhen  cancer,  operatiog  from  some  spot  in  which  it  has 
of  primary  occurrence,  secondarily  spreads  its  in- 
fection to  them.     Dr.  CreighCou*s  report  of  1874  pointeil 
—  to  the  conclusion    that   the   elements  of  the  originally 
^diseased  part-s  have  in  them  a  s[>ecific  fermcnt-powcr, 
■which,  when  carried  by  lymph  or  blood-streams  to  other 
Hparts,  iiuprcgnatcB  these,  and  the  tumour  grows  out  of  the 
original  textiu-al  type.     This  opinion  is  confirmed  in  the 
latter  rc]>ort,  and  is  in  0])po9itiou  to  the  idea  of  a  germ 
power.     In  tliis  way  a  part  affected  by  tumour  is  sui>- 
posed  to  consist  of  the  same  matter  as  before  infection  ; 
only,  by  virtue  of  an  induction  (communicated  by  a  fer- 

rent-power)  to  grow  in  a  new  way,  it  does  eo. 
Taking,  therefore,  a  jreueral  sun'ey,  it  cannot  be  feirly 
gaid  that  the  parasitic  theory,  as  ordinarily  explaineil,  ia 
explained  correctly.  The  grounds  upon  which  this  theory 
is  based  arc  indisputable,  but  there  is  an  almost  universal 
tendency  exhihitwl  to  exceed  the  legitimate  inferences  to 
be  made  from  them.  This  fascination  has  Iwl  many  into 
error,  and  in  it  is  to  be  found  the  origin  of  wiiat  may  bo 
called,  public  *  scares.'  Thus,  of  late  years,  an  attempt 
has  been  matle  to  conned  the  causes  of  typhoid  fever 
with  impure  milk,  containing,  ns  it  is  supposed,  virus 
matter  derived  from  sewage  or  other  effete  substances. 
The  same  explanatiou  has  been  made  in  regard  to 
>Dt  outbreaks  of   scarlet  fever.      Qiute   lately^   nn 

RrporU  of  the  Mrdkal  Officer  «/  fAe  /Viey    CwneA.       New   Seriea, 
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epklemic  of  this  kind  ragecl  at  New  Itarnct,  *  and  was 
apparently  caused  by  infected  food,  in  this  instiince  pre 
eumnbly  milk.'  It  was  endeavoured  to  prove  Ihis  in  the 
old  way,  namely,  by  first  of  all  assuming  the  milk  to  be 
the  real  cause,  and  then  showing  that  most  of  the 
aufierers  were  supplied  by  tlie  same  milk  vendor.  Such 
a  method  is  as  illogiad  as  the  attempt  to  find  out  the  true 
cause  is  commendable.  The  totid  number  of  cases  which 
happened  during  the  two  months  was  140,  and  of  these 
131  were  supplied  with  the  same  mUk.  This  fiict  lendc 
some  plausibility,  at  first  sight,  to  the  theory  in  question, 
but,  on  further  study,  this  disappears.  The  131  case* 
xurred  in  58  houses,  but  the  same  milk  was  suppUed 
77  liouHes  in  which  there  viaa  no  fever.  Further,  nine 
cases  of  fever  occurred  in  houses  supplied  by  other  milk- 
vendow.  It  is  thus  seen  that  the  one  particular  dealt'X 
whose  milk  was  susjiected  had  practically  a  monopoly  o£fl 
the  trade,  and  assuming  the  outbreak — without  regard  to 
its  cause — to  have  commenced  in  his  district,  it  would 
follow  as  !i  mutter  of  course  that  the  disease  should  be 
chiefly  confined  to  that  location.  It  hence  appears  there 
is  no  safe  foundation,  or  even  plausibility,  for  assuming  that 
milk  was  here,  or  ever  has  been,  the  originating  cause,  or 
the  propagating  agent,  of  scarlet  fever  or  any  o' 
disease. 

Let  me  be  understood  distinctly  in  this  statement, 
do  not  intend  to  convey  the  notion  that  there  can  be 
truth  in  the  germ  theory  of  disease,  but  merely  to  poin 
out  that,  hitherto,  no  absolute  proof  of  its  truth  has  been 
advanced.      Even  5up[M)siug,  in  the  matter  of  the  scarlet^ 
fever  epidemic,  to  which  allusion  has  been  made,  it  could 
be  demonstrated  that  the  suspected  milk  is  capable  of 
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communicating  the  disease  when  injected  into  the  bleed 
of  a  healthy  person  (aud  this  has  not  yet  been  done),  it 
would  still  remain  to  be  proved  which  ingredient  of  the 
milk  constitutes  tlie  virus.     Wc  hjive  seen,  that  various 

I  forms  of  bacteria  may  be  introduced  into  the  blood  with 
irainmity,  may  be  inspired  in  every  breath,  and  conveyed 
into  the  stomach  with  all  kinds  of  food,  and  yet  no 
disease  rcsuUs ;  but  now  ami  tlien  outbreaks  of  disease 
occur,  and  the  origin  is  traced,  witli  more  or  less  proba- 
bility of  truth,  to  decomposed  putrescent  matter.  Surely 
till  this  docs  not  point  to  a  germ  theory  of  disease,  as 
ordinarily  understood,  but  rather  to  a  chemical  theory 
like  that  maintained  by  Liebig.  In  this  case  germs  are 
merely  the  concomitants  of  disease. 

Mr.  W.  Stewart  aj>pciirs  to  be  guided  by  such  views 
in  a  paper  ^  which  recently  appeared,  on  the  subject  of 
J'Typlioid  Fever.'  lie  gives  facts  which  induce  him  to 
believe  that  this  disease  is  caused  by  the  reception  in  tlie 
system  of  decomposing  albuminous  matter,  which  may 
have  been  derived  from  blood,  or  the  liquid  evacuations 
in  diarrhtea,  in  which  cases  it  may  be  remarked  that 
much  albumin  is  held  in  solution  aud  has  been  originally 
derived  from  blood  scrum.  This  theory  is  sustained, 
perhaps,  to  some  extent  by  some  recent  experiments  of 
M.  V.  Feltz,  which  consisted  in  injecting  a  solution  con- 
taining in  suspension  dried  putrid  blood  into  the  crund 
veins  of  dogs.  In  all  instances  symptoms  were  induced 
and  effects  caused,  resembling  those  occumng  in  typhoid 
ffcver.  Trustworthy  or  mitrustworthy,  we  have  here  at 
least  something  tangible  and  which  docs  not  defy  study, 

•  JDriliiA  Afedkal  /vunml,  Marcb  10, 1877. 
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the  fttrther  investigation  of  which   might  throw  some 
valuable  light  upon  the  processes  iu  question. 

To  revert  now  to  nnother  part  of  the  subject.  Pasteur 
claims  to  ha\-e  demonstrated  that  wery  kind  of  fermenta- 
tion is  accompuuied  by  the  reproduction  of  the  fennente, 
and  that  tliese  iu  all  casee  i.-onsiat  of  low  forma  of  lift. 
Whether,  however,  each  kind  of  fermentation  has  its  own 
special  ferment,  as  for  instance  is  the  case  with  Uie  lactic 
and  alcoholic  fermentations,  is  vague  and  uncertain.  In 
reference  also  to  putrefaction,  it  is  considered  that  Pasteur^ 
has  proved  the  same  thing  to  be  true,  in  spite  of  the 
contending  views  previously  held.  Ec,  however,  dislin- 
guishes  two  kinds  of  putrefaction,  viz..  that  in  which  the 
ferment  (as,  for  instance,  the  butyric  ferment)  produces 
the  change  without  the  aid  of  oxygen,  and  that  iu  which 
oxygen  is  also  essential  in  promoting  such  change.  T 
confine  ourselves  for  the  moment  to  the  first  of  these. 

Wlieu  putrescible  solutions  arc  exposed  to  the  air, 
there  forms  on  the  surface  a  film  of  bacteria,  nuieors,  and 
mucidines,  which  arc  supposed  to  exclude  and  absorb 
oxygen,  preventing  it  from  jwnetrating  into  the  liquids. 
TJuder  the  film  iu  the  hquid,  vibriones  multiply  and  split 
up  the  albuminous  substances  into  simpler  products,  while 
the  bacteria  and  mucors  excite  their  slow  combustion 
into  ultimate  products.  This  is  M.  Pasteur's  view  of  the 
phenomena  of  putrefaction,  and  it  should  be  noticed  that 
vibriones  cannot  eudure  the  presence  of  oxygen ;  their 
function  is  the  institution  of  initial  change,  which  is  coiiT-f 
pleted  by  the  bacteria  and  mucors.  One  thing  is,  how- 
ever, necessary  for  this  action  of  the  vibriones  to  occur, 
viz.,  the  presence  of  water.  Now,  so  far  as  has  been 
ascertaiued,  the  first  products  of  change  above  alluded  U) 
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ire  ulentical  with  those  which  result  in  the  laboratory 

'•when  albuminoua  bo<lic3  arc  subjected  to  decomposition 

by  hydration,  that  is  to  say,  by  water  at  "high  tcmpcra- 

Ibircs,  or  by  boiling  with  auoh  reagents  as  sulphuric  acid, 
potash,  or  baryta.      The  ultiraate  products  produced  in 
putrefaction   are   those  which  result  iu  the   laboratory 
■when  theae  others  are  further  aubjeuled  to  oxidising  in- 
fluences. 
M.  l)onn^  states  ^  that,  when  eggs  contained  in  the 
shell  are  broken  up  by  shaking,  and  then  protected  from 
^the  air  by  coating  the  shells  with  collodion,  they  still 
)utrefy  in  process  of  time,  while  the  most  scrupulous  ex- 
[aminations  will  detect  no  form  of  life  whatever  among 
[the  products.     These  observations  ai-e  supported  by  M. 
lamp.     On  the  other  hand,  M.  IJ.  Gazon  concludes' 
from  an  investigation,  that  *  putrefaction  in  eggs,  whether 
in  the  presence  or  the  absence  of  air,  is  correlative  to  the 
development  of  and  multiplication  of  microscopical  or- 
ganisms of  the  family  of  vibriones.' 

The^se  opposed  statement}!,  as  aUo  others  of  a  like 

kind,   should    make   us   caruful    in   ucct^pting   Pasteur's 

leory  to  be  universally  coirecL     Assuming,  liowcver, 

that   it   w  correct,  we  may  reduce  the  phenomena  of 

Kputrefaction  to  a  few  issues,  which   in  their   ultimate 

^Bieaning  remain  true,  even  if  Pasteur's  theory  shall  be 

Herentually  disproved. 

V       Albmniuuus  matters  have  uo  inherent  tendency  to 
change,  and  they  may  be  protected  from   change   by 


*  'Bi^aiiADOW  mrrAlUntton  Bponttn^e  dee  (EvA.'  Cou^.  Hemt.  Ini. 
■UO  (18B3). 

•  Pftris,  1870.    Paeuia  dtt  Seimca  d*  Pant,  No.  303.    Tbesia  for  ths 
>nit  te  SeiaaoN. 
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suitable  means ;  but,  iim^iiiuch  oa  they  arc  possessed  of 
large  molecular  proportions,  the  impulse  required  to 
break  them  down  into  simpler  products  is  not  great; 
when  once  decomposed  to  this  extent,  tliese  simpler  bodies 
are  resolved,  under  suitable  conditions,  into  ultimate  pro- 
ducts. Take,  for  instance,  blood  serum  and  expose  it  to  the 
air.  and  what  happens  may  be  assunied  to  be  somewhat ; 
follows : — 

A  vibrione  falls  into  the  liquid,  and  by  feeding  ii 
a  medium  suitable  for  its   development  and   propaga- 
tion, it  thrives ;  incidentally,  tlie  albuminous  molecul^l 
is  split  uji,  just  ns  the  liver  has  the  power  of  splitting  it 
uj)  to  make  bile,  or  as  the  blood  seizes  oxygen  in  the 
lungs  and  rejects  the  nitrogen.     This  life  act  of   the    i 
vibrione  is  that  impulse  requisite  for  the  decomposition  o^| 
the  albumin,  the  btidy  in  change,  iis  Liebig  would  put  it, 
capable  of  setting  another  body— hi  this  case  tho  albumin 
— with  which  it  is  in  coutact,  also  in  a  state  of  change. 
Then  other  forrasof  microscopical  life  introduce  themselvt 
and  assist  tho  decomposition  similarly,  the  whole  bcin( 
supplemented  by  further  changes  induced  by  the  present 
of  air  and  water.     It  is  even  conceivable  that  the  very 
life  a<;t  of  the  vibrione  is  one  of  hydration,  that  is,  <hU^ 
which  determines  the  osi^iinilalion  by  the  albumin  of  the 
elements  of  water,  just  as  baiyta  water  or  dilute  sul- 
phuric acid  would  do  it  also  under  other  conditions.    But 
whetlier  this  be  so  or  not,  the  vibrione,  if  it  be  the  cause 
of  change,  is  only  on  a  par  with  other  causes  of  change. 
Further,  the  \'ibrione,  if  transplanted  into  the  fmimal 
economy,  will  not  produce  disease  so  far  as  is  known,  yet 
the  putrid  blood  serum  produced  by  its  agent-y  will  dosoj 
What  is  the  inference?    Simply  this.    That  germs  doool 
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constitute  contagium  itself;  they  have  n  capability  of  action 

(ifufficient  under  given  condittous  to  produce  that  conUi' 
gium^  but  they  themselves  are  not  the  gerras  of  disease. 
Hitherto  attention  fans  been  confined  almost  entirely 
to  li\'ing  germs  ;  there  is.  however,  another  class  of  fer- 
ments, the  chief  characters  of  whieh  may  In;  brii^y  given 
tere.  Thus,  we  have  the  ferment  wWch  is  cipable  of 
splitting  up  cane  sugar  (before  it  is  fermented  into  alcohol) 
into  glucose  and  Isvulose;  the  emulsiae  of  almonds, 
and  diastase ;    the  plyaline  of  saliva  which  transft>rnis 

IBtarch  into  sugar,  and  the  ferments  of  the  spleen  and 
pancreas  which  exercise  a  similar  chemieal  function. 
These  soluble  ferments,  or  zymases^  appear  to  be  deriva- 
tives of  albumin,  but  ai'e  in  no  sense  possessed  of 
[vitality,  and  therefore  do  not  reproduce  themselves  in 
changes  in  which  they  are  concerned,  Moreover,  in 
lOflt  cases,  similar  reactiims  (and  leading  to  the  same  re- 
sidls)  may  be  induced  by  many  iuoi^aiiic  substances,  such 
as  acids  and  alkalies ;  in  ftn't,  tlie  ncticm  of  soluble  fer- 
ments may  be  expressed  as  one  of  hydration.  Of  all  bodies 
liable  to  change,  the  most  complex  in  constitution  are 
the  easiest  to  succumb  to  influences  of  this  kind.  liebig 
writes :' — '  In  fact,  the  larger  the  number  of  single  elements 
and  atoms  which  have  united  to  form  a  group  of  atoms  of 
definite  properties,  the  more  multifiirious  the  dircetions 
of  their  attractions,  the  smaller  must  be  the  force  of 
Biattraction  between  any  given  two  or  three  of  the  atoms. 
They  oppose  to  the  causes  of  change  in  form  or  com- 
po^tion  acting  on  them,  such  as  heat  and  chemical 
affinity,  a  far  less  resistance,  they  are  far  more  easily 


■  A»im4»i  CAtmiaUy,  pwrt  i.,  EngUsb  «dttion,  1667,  p.  lOS. 
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altered  and  decomposed,  tban  substances  of  a  leas 
plex  composition.* 

Now  it  has  beea  pointed  out  tbat,  so  fiar  as  the  pro- 
ducts resulting  from  the  pulrefiiclion  of  albumiu  have 
been  identified,  they  are  identical  with  those  induccil  by 
processes  of  hydration.  Unfortunately,  this  knuwled, 
is  not  very  great,  although  the  subject  baa  been  studi 
by  Braconnot,  Erleumeyer,  Schaefler,  Habermaun,  Nass' 
and  more  particularly,  by  SchUtzenbci^er.  It  is  i 
possible,  iu  tliis  place,  to  consider  this  subject 
further  in  detail,  but  our  present  knowledge  may 
thus  summarised.  The  albuminous  principles,  tbougi 
many  in  number,  seem  all  to  l>e  referable  to  a  co: 
tj-])c,  just  as  the  various  fats  are,  and  tlmt  when  these  are 
subjected  to  those  processes  which,  when  applied  to 
determine  their  decomposition  into  glycerine  and  fa 
acids,  they  are  also  decomposed  first  into  substances  fe 
in  number,  but  of  altered  properties,  although  not  fi 
removed  from  the  parent  molecule,  while,  finally,  these 
intermediate  substances  are  resolved  into  urea  and 
amidated  acids  of  various  series.  The  institution, 
of  putrefactive  change,  is  simultaneous  with  the  a 
ance  of  these  products  ;  and,  some  time  ago,  I  occupied 
myself  with  many  experiments  upon  this  subject  whi 
were  necessarily  cut  short  by  unavoidable  circumstan 
I  hope,  however,  in  the  future  to  be  able  to  follow  o 
certain  indications  which  I  then  obtained,  that  the  p 
suit  of  this  parlicular  chemical  method  promises  to  throw 
much  light  upou  the  true  chemistry  of  infection,  for 
there  can  be  no  doubt  that,  sometimes  at  least,  an  infec- 
tant  is  a  non-hving  product  of  the  decomposition 
albumin,  and  one  which  may  perhaps  be  expressed  h 
chemical  formula. 


sa  aod^ 
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It  is  true  Bcrgmann  has  stated  that  septic  poison  may 
be  produced  without  the  presence  of  any  albuminous 
compound.  Indeed,  he  states  that  he  grew  bacteria  in  a 
liquid  contiimng  sugiu",  ammonium  tartrate,  and  inor- 
ganic salts,  and  found  that  while  the  first  crops  were 
inert,  the  ullimate  particulate  liquid  constituted  a  virulent 
poison.  It  is  more  than  probable,  however,  that  bacteria 
themselves  have  an  albuminous  structure,  and  that  (heir 
life  depends  upon  tlie  construction  of  new  tissue  from  the 
media  in  wliicli  they  live.  la  oilier  words,  that  as  by 
their  life  act  they  perform,  it  may  be,  the  synthesis  of 
albumin,  so  by  other  acl.8  of  life  in  which  the  tissue  is 
broken  down,  they  throw  off  the  products  of  its  decom- 
position. 

Aniiseptii'K. — An  anliBeptic  ia  a  body  which,  by  its  pre- 
sence, protects  matters  from  those  specific  decompositions 
which  in  a  collective  sense  we  terra  putrefaction,  while  a 
disinfectant  is,  properly  speaking,  a  substance  which  will 
take  from  the  iufectant  mutter,  when  formed,  its  specific 
characters  and  render  it  harmless.  It  is  quite  immaterial 
therefore,  whuther  agents  employed  for  these  purposes  be 
germicides  or  not ;  that  is  t<)  say,  the  qnalificatiou  of  an 
antiseptic  is  not  nec^-ssarily  the  possession  by  it  of  the 
power  of  killmg  germs,  but  rather  the  possession  of  the 
power  of  preventing  these  same  germs  or  other  causes 
from  initiating  those  processes  in  decomposable  matters 
which  we  terra  *  putrefaction.'  Hence  it  was  that,  when, 
some  time  ago,  I  discovered  a  solution  for  which  I 
claimed  these  antiseptic  and  disinfecting  powers,  I  in- 
sisted so  strongly  on  its  importance.  Tins  solution, 
popularly  known  as  *  Sanitas,'  contains  camphoric  acid, 
peroxide  of  hydn^en.  and  certain  other  camphoraccous 
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ingreJients ;  curiously  enough,  among  these  \aUer  is  i 
8ub?tance  very  similar  to  thymol  in  its  character.  So6u' 
as  my  later  experiments  go,  I  have  not  been  able  lo 
satisfy  myself  whether  the  thymol-like  body  has  the 
composition  C10H14O  or  C,oH„0,  but  that  it  has  an  inti- 
mate chemical  relationship  to  that  substance,  and  is  p<»- 
seased  of  simitar  antiseptic  [wwers,  there  is  no  doubt. 
This  fact  is  the  more  interesting  because  Bucholtz  hus 
recommended  thymol  as  a  very  powerfijl  germicide,  and 
hence  it  is  not  difficult  to  perceive  that  the  presence  of  a 
similar  sulwtance  in  *  Sanity,'  together  with  the  oUier 
coDStituents,  suihcicntly  explains  the  antiseptic  and  difliu- 
fecting  characters  of  this  solution. 

As  is  well  known,  t}iis  solution  is  produced  by  the 
action  of  air  upon  turpentine  in  the  presence  of  water. 
In  fact  it  consists  of  an  aqueous  solution  of  the  aerial 
oxidatiou  products  of  turpentine,  and  it,  among  all  other 
available  antiseptics  and  disinfectants,  alone  possesses 
those  other  characters  wlm^h  must  be  demanded  of  a 
protective  agent  to  be  employed  by  the  mass  of  people, 
— that  is  to  say,  it  is  non-poisonous,  and  without  harm  10 
metals,  clothing,  and  funiilure.  By  immersing  such  de^B 
composable  matters  as  fish  and  meat  in  '  Sanitas,"  or  b^" 
spraying  them  at  regular  intervals  with  the  solution,  it  is 
possible  to  preserve  them  almost  indefinitely.  Tainted 
foods  admit  of  restoratiou  10  sweetness  by  tlic  aame 
treatment 

I  have  also  substantiated  the  antiseptic  character 
this  fluid  in  the  way  already  indicated^  viz.,  by  Bearchin, 
in  matters  presen-ed  by   *Samla8'   for  those  particul* 
chemical  products  which  always  accom]>any  the  decoi. 
position  of  albuminous  substances,  and  so  long  as 


aame 
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Jiftve  been  thus  preserved,  these  producU,  including  tyro- 
le,  leucine,  aspartic  and  glutamic  acid,  «&c.,  have  never 
been  detected  by  me.  In  other  words,  by  proper  dispo- 
sition of  this  fluid,  the  formation  of  putrilage  may  be 
averted,  and  in  so  doing  the  production  of  septic  poisons 
|0r  infectnnts  ia  consequently  avoided. 

Of  other  antiseptics  or  disinfectants  it  is  unnecessary 

to  write  at  any  length,   because  while  their  action   ia 

familiar  to  most  persons,  we  have  but  little  information 

i*^arding  the  specific  manner  in  which,  individnally,  they 

KCt.    For  a  more  detailed  account  of  the  manner  in 

^vhich  they  arc  supposed  to  act,  we  may  refer  the  reader 

to  certain  well-known  works  upon  such  subjects,  particu- 

llarly  to  Schiitzenberger's  treatise  on  Fermentation.'  Here 

[•we  may  conclude  with  a  few  remarks  u[Jon  the  better 

,  known  substances  available  in  everyday  life. 

Among  antiseptics  some  are  supposed  to  act  by  virtue 
|of  their  attraction  for  water,  as,  for  instance,  alcohol  and 
Icommon  »ilt. 

Other  bodies,  again,  actually  combine  with  the  decom- 

l-posable  sul>atance,  and  the  combinations  thus  formed  are 

too  strong  for  the  dissociating  influences  to  break  tliem 

down.      Sulphurous  acid  and  bisulphites  are  supposed  to 

^acC  in  this  way. 

Oils,  fatty  raattere,  sand,  ashes,  &c.,  act  often  as  anti- 
tseptics  by  behaving  as  filtering  matters  which  retain  the 
germs  contained  in  the  air  or  wafted  by  it,  and  which, 
lead  kept  backf  would  cause  putrefaction  in  the  matters 
desired  to  be  preserved.  Thus  these  substances  act  like 
jtton  wool  in  the  anti3ei)ti(.'  treatment  of  wounds. 


On  Fernuntatian,  hy  P.  Scbiitxenbofi^.    U.  S.  Kin;  &  Oo.,  LoodoiL 
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The  function  of  carbolic  acid  applied  to  albuminous 
matters  has  been  conjectured  to  consist  in  its  power 
of  coagulating  the  albumins,  which  in  this  state  are  not 
so  Uable  to  change.  It  is  also  claimed  for  carbolic  acid 
that,  like  thymol,  it  actually  kills  the  low  forms  of  life 
which  induce  putrefaction  in  suitable  matters ;  in  other 
words,  it  is  a  germicide.  Unfortunately,  however,  those 
agents  which  behave  as  germicides  are  also  more  or  leas 
poisonous  to  man,  while  carbolic  acid,  moreover,  is  not  a 
pleasant  agent  to  employ.  SalicyHc  acid  and  a  number 
of  otlter  bodies  behave  like  carbolic  acid,  but  are  attended 
with  certain  difTiculties  as  regjirils  their  use.  Moreover. 
they  are  not  disinfectants  in  the  proper  sense  of  tl: 
word. 

Substjmces  like  permanganate  of  potash  often  act 
destroying  the  matters  whidi  would  otiierwisc  putrely  or 
have  putrified,  but  more  often  they  merely  oxidise  vola- 
tile compounds  which  have  a  bad  smell,  and  it  is  toi^d 
often  imagined  that  when  the  smell  Is  removed  the  dange^^ 
is  abolished.     This,  however,  by  no  means  ue 
follows. 
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[That  many  chemical  substances  have  a  distinct  physio- 
logical eflect  upon  the  human  body  has  been  known  for 
ages,  and  perhaps  the  most  famiUar  instances  that  can 
be  adduced  in  the  present  day  relate  to  chloroform  and 
chloral,  both  of  which  bodies  were  discovered  by  Liebig. 
It  is  not  desirable  to  describe  at  any  length  the  virtue  of 
the  finit  of  these  reagents  for  obviating  pain,  and  that  of 
the  second  onL'  for  inducing  sleep ;  and  indeed,  although  the 
virtues  might  be  extolled,  but  little  explanation  could  be 
attempted.    It  is  certainly  known  that  both  are  the  results 

jof  reaction  upon  brain  or  nerve  matter,  but  the  prw-isc 

[nature  of  those  reactions  is  a  question  from  the  solution 
of  which  we  are  perhaps  as  far  removed  as  from  any  ulti- 
matum in  science.  The  two  sul>stances  to  which  nlhision 
has  been  made,  stand  by  no  means  alone,  and  already  in  a 
former  chapter  tbu  physiological  action  of  ordiuar)-  alcohol 

[has  been  described  so  far  as  it  is  at  present  known. 

In  1868 Dr.  A.  Cram-Brown, FRCP.,  coramuiucated 

I  to  the  Pharmaceutical  Meeting  at  Edinburgh  a  paper  oa 
'Chemical  Constitution,  and  ita  relation  to  Physiological 
Action,* '  in  which,  for  the  first  time,  this  study  was  re- 
duced  to  something  like  scientific  rule.    It  waa   then 

■  FAarm.  JiMim.  Ua;  1868. 
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pointed  out  tliat  the  soluble  compounds  of  a  poisoiiou* 
uieUl  like  lead  have  nearly  all  the  same  action,  but  thai 
althougli  arsenic  is  jmisonous,  a  readilj  soluble  organic 
combination  containing   this  racial — kafcodylic  acid — is 
perfectly  inert.    Again,  -while  cyanc^ea  is  poisonous, 
number   of  compounds,  as  for  instance  ferrocyanid* 
[lOtassium,  exhibit  no  trace  of  the  action  of  faydrocj 
acid. 

Stahlschraidt  had  previously  made  experiments  with 
methyl-strychnium  salts  on  rabbits,  and  had  arrived  at 
the  conclusion  that  they  were  quite  inert.  But  Crum- 
Brown  and  Fraser '  showed  that  this  was  not  perfect^ 
coirect ;  the  slatetueiit  is  oorref!t  so  far  aa  these  sub^laiicea 
are  concerned  when  administered  by  the  stomach  {to 
rabbits),  but  when  injected  eubcutaneously,  vety  much 
smaller  quantities  give  rise  to  effects  terminating  in  death. 
These  effects  are  not  like  those  of  ordinary  strychnia 
poisoning,  viz.,  tetanic  convulsions,  but  rather  represent 
condition  of  general  paralysis. 

It  was  further  shown  that  strychnia  produces  tetanic 
convulsions  by  exciting  the  nerve  centres  in  the  spixaX^ 
chord,  but  the  methyl  and  ethyl  substitution  product 
derived  from  strychnia  produce  paralysis  by  a  dcstructi( 
of  the  power  of  the  temiinations  of  the  motor  nerves 
receive  the   stimulus   and  transmit  it   to   the  musclt 
Similar  differences  between  various  other  alkaloids  whic 
act  like  strychnia  and  their  substitution  products  of  t\ 
same  order,  were  also  observed  by  Crum-Brown  ai 
Fraser. 

The  great  feature  in  their  work  was  the  establishme 


■  See  [»p«r  n*d  before  BojkI  Soeiety  of  Edinbur^ti,  Juuur  6, 1806 
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[of  a  distinct  couueclion  between  chemical  constitution 
[nnd  physiological  action. 

The  physiological  actiou  of  moq)hine,  narcelne,  nar- 
.cotine,  codeine,  brucine,  nicotine,  atropine,  hyoscyamine, 
fphj-sostigmine,  muscarine,  veratrine,  aconitine,  digitaline, 
^aanioniue,  ei^otine,  and  quinine,  have  also  been  carefully 
(Studied. 

Dr.  B.  W.  Richardson  has  further  investigated  the 
[action  of  homologous  series  of  alcohols  and  ethers. 

Here,  perhajjs,  it  is  importaut  to  reiterate  iJiat  the 
phyaiolc^ical  actiou  of  substances  varies  according  to  the 

I  mode  of  administration,  that  is,  according  to  whether 
they  are  supplied  through  the  stomach,  or  injected  sub- 
cutaneously.  It  is,  however,  to  the  line  of  research  in- 
dicated b}'  Crum-Brown  and  Fraser  thitt  it  is  desirable 
to  direct  attention  more  particularly. 

I  Messrs.  J.  G.  M'Kendrick  &  Dewar  have  experimcnled 
on  the  physiological  action  of  certain  bases  (of  the  so-called 
chinoline  and  pyridine  homologous  series)  which  may  be 
obtained  &om  quinine  and  similar  bodies  by  distillation 
iwith  potash.  When  these  bases  are  injected  subcuta- 
neousiy,  they  act  exclusively  upon  nerve  and  brain  matter, 
end  among  the  very  interesting  results  obtained,  we  may 
note  one  particularly.'  'On  comparing  the  action  of  such 
bases  as  C,H,N  (chinoline)  with  C^HuN  (parvolinc),  or 
C»UuN  (collidine)  with  CsHijN  (conia  from  hemlock), 
or  C,oHi^,  (dipyridine)  with  C,oHj4N,  (nicotine  fix)m 
tobacco),  it  is  to  be  observed  that,  apart  from  diflerenoe 
chemical  structure,  the  physiological  activity  of  the 
[nibstaucc  is  greater  in  those  bases  contauung  the  larger 


■  /ViK.  Sdj/.  Soe.  vol  zziii.  p.  307. 
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acooimt  of  hydrogen.'  Of  coumo  this  conclusion,  given 
in  tlie  words  of  Messrs.  M'Kendrick  and  Bewar,  only 
expresses  the  facts  observed;  and  while  its  interest  is 
exceedingly  great,  we  must  not  be  carried  away  to  make 
generalisations  which  require  much  more  work  to  be 
definitely  established.  Above  all  things,  it  is  desirable  to 
a3(u,Ttuiii  what  becomes  of  the  bases  thus  aubcutaneously 
injected,  and  the  precise  manner  in  which  tiiej  act  on 
the  brain  and  nerves  ;  it  i&  not  sufficient  tn  be  acquainted 
merely  with  the  channel  througli  which  they  net.  The 
difficulty  presented,  however,  in  such  studies  is  enormous. 
One  grain  of  some  of  these  bases  per  pound  of  body 
weight  (for  rabbits)  is  sufficient  to  cause  death,  and  it  is 
quite  impossible,  in  the  present  state  of  science,  to  trace 
such  a  small  quantity  of  substance  through  tlie  system, 
and  still  mure  impossible  to  ascertain  its  preciso  mode  of 
action  ;  we  can  at  present  only  ascertain  the  most  pro- 
minent results  as  they  are  revealed  to  us. 

Professor  M'Kendrick  has  continued  this  study  in. 
conjunction  with  Dr.  W.  Ramsay.^  They  find  tJiat  pyri- 
dine, picoline,  and  lutidine,  and  their  salts,  only  produce 
drowsiness,  but  the  methyl  iodides  of  tliese  bases  are 
powerful  irritants  to  the  cerebral  centres  and  produce 
paralysis  of  the  fure  limbs.  The  ethyl  and  allyl  de- 
rivatives act  similarly,  but  more  intensely. 

Dipyridiue  and  dipicoline  produce  the  same  efiectJ 
only  more  strongly ;  but  when  conjhined  with  methyl  or 
ethyl  iodide,  they  constitute  fearful  poisons. 

The  aiumonium  salt  of  dicarbopyridenic  acid  prodm 
fite  resembling  epilepsy,  but  its  methyl  ether  had  no' 
appreciable  effect. 

'  PM.  Staff.  Oct  1877 ;  see  klao  BrititA  Mtdiml  Journal,  Miiy  4,  leTiJ. 
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WliUe,  therefore,  ns  a  rule  the  physiological  action  of 
^ubstances  aeums  to  become  more  intcDise  as  the  molc- 
tcular  complH-ation  increases,  the  effects  largely  depend 
[on  the  specific  character  of  the  iadividiial  substimces. 

In  connection  with  a  similar  subject,  Prof.  Gamgee,  of 
fOwens  College,  and  some  of  his  pupils,  communicated  to 
the  British  Association  Meeting  at  Glasgow  (I87G)several 
,  invesligatioua  wliich  are  of  interest.  They  relate  to  ihe 
action  of  various  compoimds  of  vanadium,  of  chromium 
salts,  and  on  the  differences  presented  in  the  physiological 
actions  of  ortho-,  meta-,  and  pyro-phosphoric  adds.  The 
general  results  thus  attained  may  be  expressed  as  fol- 
lows:— 

{a)  The   phj-siological   action  is  in  part   dependent 
upon  the  number  of  atoms  in  the  molecule  and  its  com- 
plexity of  structure, 
k       (6)  Also  upon  the  degree  of  stability  of  the  molecule. 
^^HThe  more  complex  the  molecule,  the  more  intense 
V^ra  prolonged   is  its   action,  and  if  the  substance  be 
"  peculiarly  liable  to  sphl  up  into  simpler  compounds,  it 
will  act  more  intensely  than  otherwise.     It  is  needless  to 
f  state  bow  purely  tentative  are  such  gencraUsations.    In 
&ct,  in  my  opinion,  it  would   be  best  to  reserve  such 
genendisalions,  and  be  content  with  the  fact-s  until  our 
knowledge  has  attained  more  precise  and  less  misunder- 
staudable  results. 

In  his  Address  to  the  Department  of  Anatomy  and 
Physiology  at  Glasgow,*  Dr.  J.  G.  M'Kendrick  wuned 
investigators  against  pursuing  such  inquiries  as  these  in 
a  haijhazard  sort  of  way, '  wi  th  the  vague  hope  of  coming 


■  Britbh  Aawcifttion,  1370  (John  Qralg  &  Son,  Edinburgh). 
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•w/  and  pointed  out  how  essentia]  k 
that  investigators  shouhl  take  up  such  { 
them  in  jhe  light  afforded  by  ])«?- 
It  is  true  that  now  and  then  a  valuable' 
dy  is  disoovered,  quite  aocidentallv  as  it 
all,  such  an  isolated  result  is  not  of  a 
to  that  which  mus:t  attend  a  general 
;  of  the  laws  which  ii^;akte  the  connection 
jsnicture  with  the  pbyaaological  efibct«  of- 

l  ooodude  this  chapcer  with  a  brief  simi- 

nires '  given  by  Prof.  Emei-son  Reynolds 

rf  imder  description.  a 

■.^ancea  introduced  into  the  body  act" 

-KuUy  or  chemically.     The  physical 

AV  be  produced  Mriihoui  an  attendant 

n  in  the  agent  employed  or  those 

*  which  are  acted  upon.     The  chemical  ■ 

-  iitendcd  by  a  change  in  composition 

Irtl  to.     But  of  course  some  bodies 

^    ind  physically.     Unsaturated  oom- 

■wi^iiMil'i  whoae  power  of  combination  is 

«t  ^  most  energetic  in  their  chemical 

-    .%>Bg  such  bcxliea  that  those  which 

'  ^cal  action  occur. 

the  known  facts  of  the  study  to 

rst  of  tlicse  asserts  'that  bodies 

ficmento  in  the  same  proportions 

r*  ^fciyMological  activity  when  com- 

ftwunble  conditions ;  and  that  the 
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observed  diasimilarity  in  action  is  due  to  difference  in 
chemical  constitution.'  He  instances  this  by  the  following 
case  :  cyanide  of  methyl,  CHjCN,  or  carbamiue,  is  raeta- 

iraeric  with  another  substance  (proHuciblc  in  the  same  re- 
action) termed  a  nitrile^  which  is  of  the  same  composition 
but  dilTcrent  in  constitution.     The  uitrilc  w  ahnost  dcsti- 

^tule  of  pliyBJological  action,  while  tlie  carbainine  b  a 
?erful  poison.  Dr.  Reynolds  explains  this  case  by 
assuming,  upon  the  purely  chemical  grounds  that  In  the 
carbaniine  tlie  carlxjn  has  only  two  of  its  bonds  satisfied, 
and  two  bonds  of  the  nitrogen  are  also  unsatisfied,  wherejis 

;in  the  nitrile  the  carbon  bonds  are  fully  satisfied,  and 

lonly  the  two  nitrogen  bonds  are  latent  or  self- combined. 

[This  is  better  seen  by  using  tlie  developed  fonnulse  of 

\  the  two  substances  t — 

OH,  OH, 

C-X>  <N=C> 

The  second  proposition  asserts  that '  groups  of  bodies 
[exist  which  contain  the  same  elements  in  different  pro- 
[portions  and  are  similar  in  chemical  stnicture,  but  which 
differ  materially  in  degree  of  physiological  activity.'  This 
projKteition  .la  substantiated  by  the  work  of  Messrs. 
Gamgee,  Priestley,  and  Lannuth,  previously  referred  to. 
Sodic  orthophosphatc  (Nii,POJ  is  almost  inert,  while 
the  pyrophosphate  (Na4p,0T)  is  an  energetic  poison ;  the 
ictaplioaphate  (NaPOj)  is  also  poisonous,  but  less  active 
lan  the  pyrophosphate.  The  physiological  actinly  of 
le  pyro-  and  meta  phos|)hates  is  attributed  to  the  Ua- 
)ility  they  exhibit  to  pass  into  tlie  ortliophctphnte  under 
editions  which  may  reasonably  be  supposed  to  obtain 
the  body.    Larmuth   has  furtlicr  sliown  Unit  in  the 
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^rroup  of  sodic  ^^anadatcs  the  order  of  activity  is  the  same, 
as  that  existing  among  the  phosphates. 

In   further  illustration  of  the  propoatioii  before 
we  may  again  refer  to  wliat  has  been  already  stated,^ 
viz.,   that  kakodylic   acid   containing   5-1   per  cent,  of 
arsenic  is  physiologically  inert,  while  arseuious  add  la  a 
deadly  poison.     Tbeir  similarity  in  structure  is  exhibited 
by  the  formula; : — 

Araaalinn  Add.  Cakoljllo  AcM. 

O-H  O-IL 

Agam,  the  researches  of  Beaumetz  and  Audige,  us 
as  lliose  of  Dr.  B.  W.  lUchardson,  furnish  another  illus- 
tration of  the  proposition  we  are  considering.  The  two 
former  observers  conclude  that  the  lethal  dose  of  certaiu 
of  the  alcohols  per  pound  weight  of  animal  is  approxi- 
mately : — 

43  gnuDft  of  othylie  ntcobol  .        .        .        .        «  ^fifi 

33      „     „  picpylic     „ C,II,0 

la      „     „  butjUo       „ C.H,^ 

6      „     „  amylic        „ <?»H,/> 

That  13  to  say,  the  higher  we  go  m  the  series  the  greater 
is  tlie  degree  of  physiological  activity.  There  appe&re, 
Iwwever,  to  be  one  exception,  viz.,  lliat  methyl  alcohol, 
CH^O — llxe  lowest  member  of  the  series — is,  according  to 
Bedumctz,  more  active  than  ethylic  alcohol. 

From  certain  considerations,  Babuteau  was  led  to  confl 
elude  that  the  physiological  activity  of  an  clement  infl 
creases  with  the  atomic  weight,  and  to  a  certain  extent 
this  appears  to  be  true,  although  it  cannot  be  accepted  as 
univei"saUy  true.     From  what  is  known  of  the  action  of 
the   mvta-uilrate,   meta-phosphate,    meta- vanadate,   am 
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leta-ftTsenatc  of  sodium,  the  physiological  activity  of  the 
[cliaracteristic  clcmcntfl,  viz.^  nitrogen,  phosphorus,  vana- 
[dium,  and  arsenic,  seems  to  be  ia  the  same  order  as  that 
[of  iheir  atomic  weights. 

Tlie  third  proposition  of  Dr.  Hcyuolds  is  as  follows : 

I*  bodies  which  are  utdike  in  coTTi2>osition,  hut  which  agree 

tin   being  either  actually  or   constructively  luisaturated, 

jftnd  are  alike  in  (-ertuiu  marked  cheuiical  rulatious,  oftuu 

[agree  in  physiological  action.'      Thus  both  phosphorus 

and  pyrogallic  acid  (C(H3(0H),)  are  both  characterised  by 

[the  property  of  a  strong  affinity  for  oxygen,  and  both  act, 

[according  to  Personne,  in  the  same  way   in  the  animal 

^i^uism.     Phosphorus  is  actively  unsaturated,   whilst 

rogallic  acid  is  constructively  unsaluratf^. 

Tlic  fourth   proposition  asserts   that  *  the  result  of 

Lcheniical  addiliou  to  unsaturated  molecules  is  either  to 

sy  or   to    materially    modify   their    physiological 

'acdrity.*    This  statement  is  supported  by  the  work  of 

Crura-Brown  and  Fraser,  and  the  researches  of  Messrs. 

M'Kendrick,    Bewar,   and   Kjmisay,  already  described. 

Professor  Schrofl',  of  Vienna,  has  also  indicated  similar 

facts. 

k  Dr.  Bcynolds  concludes  his  lectures  by  describing  the 
chief  ways  in  which  most  cliemically  and  physiologically 
active  bodies  act  in  the  organism. 

(1)  iiy  the  direct  removal  of  oxygen  from  the  blood, 
and  consequent  interferencu  of  the  process  of  oxidation. 
f      (2)  By  combination  with  the  colouring  matter  of  the 
blood,  and  consequent  interference  with  its  functions  as  a 
^carrier  of  oxygen. 

(3)  By  combination  widi  eOete  materials,  thus  in- 
creasing the  difficulty  of  its  removal  fix>m  the  body. 
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(4)  Bj  wi^drawdl  from  the  living  tissues  of  nuUen 
cflseotial  to  thdr  healthy  hiaciioos. 

(&)  By  couibioauoa  with  living  tiasue,aud  coDsequeol 
UterfereQce  of  normal  fiinctioas. 

Aa  ic  15  possible  by  our  knowledge  of  the  nature  itod 
properbea  of  substances  to  pccdict  in  some  measure  ih&i 
action  one  uj>un  the  other,  und  iu  fact  to  foretell  their 
noxt  states,  so  the  same  holds  good  when  the  substancei! 
€Btcniig  into  the  com[>ositiou  of  the  animal  body  foru 
one  side  or  both  iddes  of  the  equation.  Hydrochloric 
•cid  acts  upon  chalk  ^vith  the  evolution  of  carbonic  add, 
and  it  matters  not  whether  it  happens  in  a  beaker  or  ia 
the  human  slumitch,  only  the  one  reaction  is  regarded  as 
a  chemical  one,  and  the  other  too  often  as  a  purely 
physiological  one.  This  may  be  stated  in  another  way. 
Granted  sufficient  knowledge  of  two  bodies,  and  securing 
the  contact  of  those  substances,  it  is  [Kisslblc  sometimes 
U>  predict  the  result.  If  one  of  those  substances  happens 
to  6>rm  part  of  the  brain,  or  liver,  or  lung  tissue,  then 
if  the  other  substance  be  swallowed  and  come  into  con- 
laci  with  it,  the  same  result  will  ensue  to  a  certain 
extttut.  The  retarding  ioduence  of  vital  force  (as  we 
an  pioased  to  call  it)  arises  from  the  state  of  combi- 
lUrv&dy  possessed  by  substances  forming  part  of 
body,  and  any  experiments  which  physiologists 
•a«k  tHtdbmii  having  i-eference  to  the  physiulogical  action 
^.i^itl  :5ubcaances,  can  only  result  in  a  more  or  less 
Jtuuwled^  of  this  retarding  influence.  Even 
vjiuwim  it  cannot  be  considered  an  absolutefl 
-.i.  n  the  rtrst  place  the  action  of  any  sub-™ 
-;•  -tl  or  chemical,  is  very  difficult  lo 
-J^je  of  the  affected  parts  is  e^uall 
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difficult  to  ascertain ;  and  then,  after  all,  the  composition 
of  the  substances  so  affected  is  at  the  best  but  very 
imperfectly  known.  Above  and  beyond  all  other  matters 
affecting  health  and  disease  and  a  knowledge  of  life,  a 
greater  acquaintance  with  pure  animal  chemistry  is 
necessitated.  In  what  has  preceded  it  has  been  attempted 
only  to  indicate  the  connection  of  chemical  constitution 
with  phyaiolc^cal  action.  Those  who  may  desire  to  make 
themselves  acquainted  with  the  general  therapeutic 
actions  of  drugs  will  find  a  concise  account  in  the  work  ^ 
by  Bumess  and  Mavor,  to  which  we  must  refer  them. 

>.  BeillUre,  TLdcIbII,  and  Ooz,  1874. 
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CHAPTER  XXPT. 

CUABACm. 

CHAmACtSB  16  almoet  univenally  regarded  as  aome- 
dttog  ■part  from  the  body  of  mas  himself ;  sonaelluqg 
for  vlDdi  eaeb  mau  is  iadividuallj  responsiUe ;  soxnetiimg 
whhrb,  bom  with  man,  is  developed  and  cultured  into 
matuhtT  by  education  and  trainii^,  be  that  mature  state 
oae  for  evil  or  one  for  good.  Tet  what,  people  a^  has 
this  or  that  man's  character  to  do  with  his  mere  animal 
body  ?  miruly  character,  it  is  said^  fomu  part  of  the  mind, 
which,  while  it  associates  with  the  body  is  yei  distinct  from 
it;  it  is  tbat  part  of  the  man  which  ouOives  his  body  and 
paaeee  away  to  &  future  state,  real  though  imseen,  realift- 
abte  only  in  death.  But  8uch  inquiries  do  not  enrel' 
the  real  points  at  issue ;  are  not  deep  enough  to  aaCu 
ev«a  couuuoQ  sense,  and,  after  all,  common  seose  is  the 
boei  logic.  Let  first  <-ause9  be  what  they  may,  and  so 
alw  let  us  hide  our  face  from  the  infinite  futiu^  and 
rvtcard  man  as  an  intelligent  mn(!hine  complete  so  fiu*  in 
htfiwelf.  As  the  steam  engine  is  a  machine  for  ]>urpo8eB 
uf  looomotioa,  and  as  the  spinner's  wheel  is  a  machine 
>»■  "    rs  into  its  vortex  and  arranges  therein,! 

u  mvr  and  beauty,  a   tliousand   threads   and 

'  Uats,  so  man  also  is  a  machine.     A  macliine 

1  thioks,  speaks,  and  acta ;  it  is  only  in  the  first 
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[of  these  ftinctions  that  he  differs  materially  from  other 
i  machines  ;  it  is  by  the  acts  of  a  man  that  he  is  judged. 
Upon  a  knowledge  of  such  acts,  mankind  ascends  the  tri- 
bunal and  pronounces  upon  character.  Nevertheless,  in- 
asmuch as  acts  are  pre-determiried  by  thoughts,  these 
should  rather  fonn  the  basis  of  judgment,  where  judgment 
is  necessary.  But  alas,  who  can  know  the  thoughts  of 
another ;  '  the  heart  knowetfa  its  own  bitterness '  only. 
And  thus  man  never  understands  hia  fellow  mau  aright; 
he  picks  out  a  few  crystalline  threads  of  an  individu- 
ality ;  he  sees  a  few  bright  or  black  bauds  in  the  spectrum 
of  his  neighbour's  life,  and  without  toucliiiig  the  colloid 
mass  which  will  not  crystalline,  and  being  blinded  to  those 
partti  of  the  spectrum  which  are  not  revealed,  man  judges 
his  fellow. 

la  it  not  possible  then  to  reduce  man  to  the  common 
level  of  inorganic  matter ;  to  regard  him  as  a  mass  of 
matter  of  mixed  chcmiad  constitution,  in  which  thoughts, 
words,  and  deeds  are  but  port  of  the  other  side  of  the 
equation?  On  this  side  we  have  the  gross  matter  in 
process  of  continual  cliange ;  on  that  side  we  have  the 
i,  changed  matters  and  those  life  acts  whicli  balance  the 
original  matter  and  the  forces  whicli  operating  upon  it 
caused  the  change  to  occur. 

Liebig  taught  that  every  thought  occurriug  to  a  man 
was  equivalent  to  the  destruction  of  a  braiti  cell ;  this, 
however,  is  not  tlie  case.  The  brain  seems  rather  to  be  a 
[recisptacle  for  those  ciurents,  be  they  electric  or  not, 
which  arc  generated  by  tlie  oxidation  occurring  in  the 
blood.  These  currents  of  force  are  conveyed  by  the 
blood  corpuscles,  perhaps,  to  the  brain  and  stored  therein. 
from  thence  it  is  tramimitted  through  the  nervous  system 
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to  all  paita  of  the  body,  and  thereby  the  muscles 
regulated  in  their  movements,  the  oi^ans  governed  m 
their  UifTureut  functions  and  capadty,  and  life  kept  going. 
Hut  what  is  tliought  ?  Phyacally  conudcTcd  it  must-  be 
part  uf  that  same  blood-generated  force  which  bwomc* 
nietamorphosfKl  by  contact  willi  cerebral  matter  or  by 
some  other  inJiucuce.  At  least  it  is  an  entity,  and  has  its 
equivalent  in  inorganic  matter  and  physic-al  force.  A  man 
who  thinks  much  grows  hungry,  juat  in  the  same  way  fa 
a  man  who  works  hard  grows  hungry,  and  for  the  same 
reason.  In  both  cases  the  force  which  in  our  imperfect 
knowledge  we  qualify  vital,  becomes  used  up  below  par, 
and  to  keep  It  in  sufiBclent  quantity  we  must  cat,  bare  a 
greater  oxidation  goiug  on  in  the  blood,  and  an  increased 
amount  of  force  stored  in  the  brain. 

In  short,  man  is  a  cerebrating  creature,  as  the  cow  b 
a  nuninating  creature.  The  cow  goea  on  eating  graas 
liccause  it  is  its  nature  to  cat  grass,  and  it  can  do  noiliiuL' 
else  except  move.  So  man  can  only  eat,  move,  Hud 
cerebrate.  He  cannot  help  cerebmting,  and  tlie  d^ree 
in  which  he  thinks  and  thinks  well,  is  the  degree  of  his 
intelligence, by  which  his  movements  are  governed.  Whei 
this  intelligence  is  naturally  very  large  it  is 
*  genius.'  "We  can  conceive  a  man  who  is  bleat  with 
good  digestion,  excellent  lungs,  aud  woll-forraed 
cells  to  be  a  *  genius,'  in  the  sense  that,  with  proper  edi 
cation  and  supply  of  facts,  he  can  arrange  those  &cts  ii 
systems,  propound  generalisations,  and  make  forecastii 
But  supposing  those  brain  cells  are  not  well  formed- 
abnormal  cither  in  anatomical  structure  or  in  chetim 
com  posit  ion  ^wh  at  tlien  ?  Well,  his  lungs  and  digt 
may  be  ever  so  good,  but  the  exces^ve  force  general 
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the  blood  is  only  converted  in  that  case  into  muscular 
power;  the  man  is  oitJief  a  splendid  *  hitter '  at  crickelj 
or  '  [julls '  maguifiroittly  at  an  oar ;  aud  it  is  quite  true 
that  brain  cells  do  differ  in  form  and  composition,  just  ia 
a  similar  sort  of  way  as  lungs  and  hearts  differ.  The 
admired  intellect  of  a  nation  is  often  cut  off"  by  lung  disease 
at  an  unripe  age,  while  the  fool  may  grow  a  snow-white 
beard! 

Thus  man  is  no  doubt  the  creature  of  circumstance; 
but  he  ia  not  alone  the  crealiu-e,  ho  is  also  the  creator. 
He  can  intervene  between  events  and  divert  their  original 

I  courses;  the  degree  in  which  he  can  do  this,  or  does  it,  is 

'a  part  measure  of  his  intellect  and  his  energy. 

Can,  then,  a  man  be  Iu;ld  responsible  for  Ills  actions? 
To  this  we  answer  yes,  and  no.  We  liavc  seen  that  tiiere 
is  a  predetermining  influence  in  the  very  foetus  of  man  ; 
the  protoplasmic  mass  being  endowed  with  powers  of  selec- 
tion and  growth  in  particular  ways.  Man,  the  result,  steps 
OD  to  the  platform  of  life,  in  some  meastu'e  at  least  as  an 
uutonuiUm.  lit;  is  born  of  otliers,  and  finds  himself  witli 
a  head  upon  his  shouldere,  but  the  quantity  and  quality 
of  brain  matter  in  the  head  is  not  ordained  of  himself. 

,  He  may  be  a  genius ;  but,  horror  I  he  may  prove  a  fool ! 

jNo  doubt  the  recipient  faculty  of  man  empowers  him  to 
modify  and  qualify  his  creeds,  his  words,  and  his  deeds ; 
but  the  first  quantity  can  never  be  left  out  of  considera- 
tion, in  spite  of  all  the  efforts  made  in  the  way  of  diet, 
education,  and  cultivation,  to  improve. 

As  the  natural  state  of  men  is  not  uniform,  all  men 

[,are  abnormal  one  to  ibe  other,  for  there  is  no  one  who 
can  l>c  picked  out  from  the  rust  aud  of  whom  it  can  be 
I,  this  is  the  standard  of  men.    In  the  same  way  as 
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abnommlity  is  but  ft  mild  decleuaon  of  normality, 
]>alliology  is  but  an  intensified  declension  of  normalilr' 
The  governing  forces  suffer  ia  direction  or  intensity,  aa 
abnormality  results) ;  it  may  be  of  mind  or  of  body, 
sadder  yet,  of  both.  Thus  even  mundane  chemical  sciem 
lias  a  part  in  play  in  the  rSle  of  what  jioor  mortals 
their  souls ;  it  has  somelliing  to  do  with  every  poeism 
originfiliiig  in  tbe  mind  of  the  ])oet,  with  every  transcendent 
liope  of  tlie  pliilosopher,  witJi  the  logic  of  a  MUl,  out^y 
the  teeming  intelligence  of  alK  A  man  is  suffering,  sff^H 
fi-om  softening  of  the  brain,  and  yet  his  intellect  is  unim 
paired,  aUhoujj;!]  surely  he  may  be  luistcning  to 
gi*avc.  How  is  this?  Merely  because  that  particular 
of  the  brain — if  such  part  there  be — which  transforms  I 
blood -oxidaliou  force  into  thought  is  not  affected, 
search  further,  and  it  is  found  that  another  part  of  the 
brain  is  aticcted,  the  locithine  l>eing  decomposed  into 
glycerophosphoric  acid,  fatty  acids,  and  neurine,  an^M 
as  a  consequence  the  man's  vohtion  suffers.  Henceforth^ 
he  caiujol  be  hold  accountable  for  Jits  acts  so  fiir  as  th 
are  governed  by  liis  will,  for  his  will  has  suffered  tliroi 
a  breaking  up  of  those  very  brain  cells  upon  Llie  wholi 
some  structure  of  which  the  health  of  his  volition 
pended. 

Yet  these  some  brain  cells,  one  and  all,  the  whole 
itself,  mind  and  soul,  have  been  elaborated  from  deai 
inorganit:  matter,  from  vulgm-  food.  After  all,  perhap^y 
the  epicure  is  not  so  despicable  ;  eat,  drink,  and  be  men^H 
for  verily  that  which  we  eat  and  drink  tjikes  part  in  that 
with  wliicdi  we  think  ! 

The  all-profouiui  mystery  of  man's  miud  is  wnippi 
up  in  the  protoplasm  of  life,  with  its  selective  power 
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construction  and  reconstruction,  of  growth  and  develop- 
ment. Prohibit  nutriment,  and  the  protoplasm  becomes 
but  as  dust  of  the  earth,  and  yet  it  circumvests  a  power 
none  can  comprehend.  Here  is  the  beginning  of  intelli- 
gence, here  is  life,  and  here  the  hand  of  God  is  revealed. 
None  the  less,  however,  when  scientifically  considered, 
is  it  true  that  man's  history  amounts  to  a  sort  of  dyna- 
mical expression  of  the  atomic  forces  resident  in  ahd 
operating  upon  the  very  substance  of  which  his  body  is 
composed. 
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SHOTTIKO    HOW   AXIUAL   CHEMISTRY    111011?    BE    ADVANCED. 


Jtry,    , 


It  18  not  intended  ia  this  place  to  develope  a  complete 
scheme  for  Ihe  proper  advancement  of  Animal  Chemistry, 
but  merely  to  indicate  what  can  be  done  in  this  directi 
with  the  appliflnces  ready  to  hnnd.  Most  of  the  hospi 
throughout  the  country  are  in  some  sort  of  connection 
ivii}i  educiitionol  schools  Iwosting  a  lal)oraiory  and  a 
eh(-'micnl  staff.  Where  this  is  not  the  rose,  it  would  be  a 
comparatively  easy  matter  to  institute  laboratories  and  find 
teachcra  and  workers.  These  latter  should  be  not  onl 
learned  in  pure  chemistry,  but  also  thoroughly  acqumute 
with  that  branch  of  the  science  trented  of  in  this  volume. 
Of  course  some  time  would  necessarily  elapse  before  such 
«  stale  of  things  could  be  got  into  thorough  working  order^j 
and  not  least  because  the  Shcmisla  would  have  to  qtialif^^ 
themselves  by  proper  and  prolonged  studies  for  the  task 
of  working  out  questions  in  physiological  and  path 
logical  chemistry,  and  for  imparting  such  knowledge 
the  students  under  them. 

Assuming  this  to  be  not  ooly  possible  but  even 
complislicd,  then  a  plan  of  teaching  and  prosecution  of^. 
research  in  physiological  chemistry  should  be  adopted  ii^| 
every  such  institution,  and  fiu-thcr,  the  hospitals  should 
provide  the  laboratories  with  all  important  pathol 
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specimens  iipou  "which  research  ehoiild  also  be  regu- 
larly conducted.  lu  this  way,  witliout  auytlnng  like 
a  revolutionary  change  in  the  existing  state  of  things,  h 
vast  advance  would  be  possible  in  Animal  Chemistry — 
nil  advance  which  would  uiidttubtedly  and  speedily  be 
followed  by  a  correspoudiug  movement  in  pure  medidue. 

The  pnblicjttion  of  the  researches  conducted  us  above 
described  might  be  undertaken  by  a  learned  society, 
having  for  its  members,  men  actually  employed  in  surh 
work;  in  which  case,  side  by  side  with  other  scientific 
Journals,  there  would  be  a  *  Journal  of  Research  in 
Animal  Chemistry.' 

With  f5ui:h  a  system  kej)!  in  proper  control  and  health, 
the  fece  of  medicine  would  be  entirely  changed  in  the 
course  of  a  few  years — changed  from  an  accumulation  of 
experiences  into  a  beautiful  science. 

It  would  be  matter  of  extreme  casc.lo  indicate  many 
of  the  problems  in  Animal  Chemistry  which  particularly 
call  for  investigation,  and  below  a  few  of  these  are  given. 


Suijgested  Matters  for  Researcfi. 

(1)  The  chemical  composition  and  formula  of  ptya- 
Une ;  its  chemical  relationship  to  albumin ;  a  proper 
explanation  of  its  ferment-power,  and  a  better  study  of 
its  general  nature. 

(2)  More  complete  and  exact  analyses  of  the  various 
salivary  secretions. 

(3)  The  chemical  characters  and  composition  of 
saliva  in  diBcase,  |>artiinilar1y  in  rabies. 

(4)  The  percentage  composition  of  gastric  juice  un- 
mixetl  with  siUiva  and  food. 
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(5)  The  exact  composition  of  pepsin,  aud  iLe  p 
Ucular  changes  (if  any)  it  uiidui^t>cs  during  the  exen 

'ita  digestive  action. 

(6)  Qeueral  and  precue  information  regarding 
tones. 

(7)  An   explanation  of  the  oft-recurring   depositii 
of  biliary  matters  near  the  pyloric  end  of  the  stomach. 

(S)  Qeueral  inforraatiou  about  the  pathology  of 
gastric  process. 

(0)  The  chemical  nature  of  the  undetermined  con* 
«tiluenta  of  bile.  ^| 

(10)  A  better  knowiegc  of  the  various  functions  o^V 
the  bile. 

(11)  The  determination  of  the  destiny  of  the  biliary^ 
colouring  matters  after  eutermg  tlie  small  intestine. 

(12)  More  minute  chemical  investigatiuus  of  bilirubit 
imd  the  other  colouring  matlere  of  bile. 

(13)  Genei*al  and  precise  information  regardii^ 
composition,  constituent»,  and  functions  of  tlic  ]>ancrcati( 
intestinal,  and  i^plenetic  juices. 

(14)  The   exact   chemistry  of   excretine,   cstTot 
acid,  and  stercoriue  (constituents  of  the  faxxa). 

(15)  The  composition  of  the   fccces  in   health  anc 
disease. 

(16)  A  complete   chemical    investigation    of   list 
glycogen,  and  the  ascertaining  whether  arterial  blood 
change  it  into  sugar ;  if  so,  whether  through  the  agent 
of  any  ferment  whose  existence  depends  upon  the  arterii 

>ndilion  of  the  blood. 

(17)  The  chemistry  of  diabetes. 

(18)  The  (nmplete  composition  of  lymph,  chyle, 
blood. 
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(19)  Particular  slutUes  of  tlie  blood  corpuscles. 

(20)  The  chemistry  of  hcinatine,  prepared  by  Wit- 
itich's  process  from  Jiajmato-crj'stalliue,  with  the  view  of 

deterinining  whether  it  hsis  definite  ctjimectious  with  nny 
^of  the  colouring  matters  of  bile  or  urine.  This  is  not; 
limprobable  us  regards  urine. 

(21)  A  study  of  the   action   of  oxygeu  gas   upon 
[eerum  of  blood  raHiiiUunei.1  at  the  boily  temperature,  and 

when  artificially  chiu'ged  \rith  food  matters, 

(22)  The  nature  and  general  relations  of  the   uii- 
[ determined  constituents  of  extract  of  meat. 

(23)  The  colouring  matters  of  tlie  urine,  taking  up 
^the  researches  at  the  points  where  left  by  former  inves- 
tigators. 

I       {^14)  The  composition  of  urine  in  disease. 
(25)  Further  investigations   regardmg  the    chemical 
composition  of  the  farain,  directed  particularly  to  ascertain 

the  qualitative  and  quantitative  difTerencMjs  presented  by 
he  white  and  grey  matters. 
(26)  The  ehd>oration  of  a  quautitalive   metliod  uf 
nalysis  directed  to  brain  matter. 
(27)  The  chemistry  of  the  so-called  cerebrines, 
(28)  Further  enquiries  into  the  nature  of  the  pbos- 
horiscd  principles  of  bralu  mutter,  with   the   view  of 
determining  the  exact  nature  of  certain  unknown  fatty 
acids,  resembUug  bUiary  products,  yielded  in  the  det»m- 
posiliou  of  some  of  these,  such  as  kephaline  and  the  mye- 

tncs. 
(29)  A  better  determination  of  the  water  extracts  of 
rain  matter. 

(30)  The  chemistry  of  brain  matter  in  all  sorts  of 
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(31)  More  exact  information  rcgariliog  tlie  nature 
the  dc<'om])osition  products  resulting  from  the  win 
tiltMiminous  aubstances  of  wliich  diflereut  glands,  tissuca, 
and  fluids  are  composed,  or  which  they  contain.  ^ 

(32)  Continued  chemical  inveslagalions  of  pus,  mucus,^ 
seminal  fluid,  milk,  liquor  amnii.  Sec.  j 

{Z^)  Studies  to  ascertain  exactly  by  what  chemicalV 
c'liauges  pepsin  aud  peptones  are  produced  from  albu- 
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mi  nous  matters. 

(34)  The  general  chemistry  of  all  albuminous  inat- 
tere,  particularly  as  dctemiincd  by  the  method  used  by 
Schutzenherger,  and  by   the  method  of  hydration  and  j 
limited  oxidation  combined.  V 

(35)  The  chemistry  of  putrefaction,  as  compared  with 
the  roHuits  of  the  studies  spetnfied  in  number  34.  H 

(36)  The  further  study  of  the  inter-relations  between" 
carbohydrates  and  fats. 

(37)  A  precise  choinittal  explanation  of  the  Pclteu 
kofer  reaction.     This  would  be  best  attempted,  perha 
by  following  up  the  steps  described  iu  Cliapler  XXIIL 

(3S)  The  chemical  relations  of  choline  or  ncurine  to' 
other  similar  ammonium  bases,  and  their  precise  coo-i 
stitutiou3. 

(39)  Further  investigations  upon   the    phosphori 
bodies  referred  to  on  p  90  of  this  volume,  and  attempi 
to  prepare  amidated  derivatives  thereofi  with  the  vii 
of  comparing  the  products  to  bruin  corajwncnts. 

(40)  Prolonged  studies  of  the  physics  of  the  bod, 
directed  particidarly  to  work  ovit  the  history  of  the  forc^ 
generated  iu  blood  oxidation. 
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